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The Mountain Queen vein is a volcanic rock-hosted, epithermal vein that 
produced Pb, Zn, and Ag, with minor Cu and Au during the late 1800s and early 
1900s. The vein is hosted by latite lava flows of the Burns Formation. The 
Burns Formation is porphyritic, with plagioclase, pyroxene, and hornblende 
phenocrysts in a matrix of fine-grained plagioclase. The Burns has been 
propylitically altered by a preore alteration event. A quartz-sericite-pyrite 
alteration halo present around the vein grades laterally into the regional 
propylitic alteration.
The paragenetic sequence in the vein consists of an early quartz-pyrite 
stage, a base-metal sulfide stage, and a late quartz-rhodochrosite stage. The 
base-metal sulfide stage is subdivided into an early substage of quartz with 
discrete sphalerite and galena crystals, a middle substage of sphalerite-galena 
intergrowths, and a late substage with chalcopyrite replacement of earlier 
sulfides. Quartz-rhodochrosite mineralization is divided into an early substage 
of quartz-rhodochrosite intergrowths and a late substage of euhedral quartz and 
rhodochrosite crystals.
Fluid inclusion studies indicate that quartz-pyrite mineralization was 
deposited primarily around 270°C from fluids with salinities of 0.5 wt % NaCI 
equivalent. Early base-metal sulfide mineralization occurred primarily around 
280°C from fluids with 2.2 wt % NaCI equivalent salinities. Middle sulfide
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mineralization was deposited at 290°C from fluids with salinities of 1.3 wt % 
NaCI equivalent. Early quartz-rhodochrosite fluids were probably boiling at 
240° to 250°C. Late quartz-rhodochrosite mineralization was deposited at 
215° to 230°C from fluids with salinities of 0.5 wt % NaCI equivalent.
Significant periods of time may have separated the stages of 
mineralization in the Mountain Queen vein. Fluid inclusion data suggest that 
significant erosion may have occurred between stages. Also, quartz 
morphologies suggest that significant cooling occurred between each of the 
major stages of mineralization.
The mineralization in the Mountain Queen vein was formed from the 
interaction of two different fluids. One fluid had a low salinity and was probably 
meteoric in origin, while the other was more saline and may have had some 
magmatic component. The low salinity fluid was dominant during all three 
stages of mineralization. The higher salinity fluid had a minor influence on 
quartz-pyrite mineralization, more influence during base-metal sulfide 
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The primary objective of this study was to develop a genetic model for 
mineralization of the Mountain Queen vein. The model is based upon mineral 
and alteration assemblages, paragenetic sequence of the minerals, 
hydrothermal fluid characteristics obtained from fluid inclusions, and the 
structure of the vein. These characteristics, along with comparison with 
information from well documented hydrothermal systems, were used to develop 
the genetic model.
The genetic model can then be used to predict where ore should occur in 
the vein. The model will, therefore, be an important tool in the future 
development of the economic potential of the Mountain Queen vein. Ideally, the 
model will also be applicable to exploration in similar geologic settings.
The Mountain Queen vein is a base- and precious-metal mineral deposit 
hosted by volcanic rocks of Tertiary age. The Mountain Queen mine, which 
produced predominantly Ag, Pb, and Zn, minor Cu, and trace Au, was active 
mainly in the late 1800s. The Mountain Queen vein is very similar in 
mineralogy and texture to the veins in the nearby Sunnyside mine. Based upon 
geologic features, the Mountain Queen vein could be classified as an adularia- 
sericite type volcanic rock-hosted epithermal deposit (Hayba and others, 1985; 
Heald and others, 1987).
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Location
The Mountain Queen vein is located in the Eureka mining district in the 
San Juan Mountains of southwestern Colorado (Figure 1). The project area is 
located in San Juan County, approximately seven miles (11.3 km) north- 
northeast of Silverton. Access to the site from Silverton is by way of San Juan 
County Road 110 northeast to Animas Forks, then west to the head of California 
Gulch. An alternate route is north up Cement Creek to Gladstone, then north on 
a jeep trail to Ross Basin. Access to the site from Ouray is south on U.S. 550 to 
Corkscrew Gulch, southeast over the pass at the head of Corkscrew Gulch, east 
to the jeep trail connecting Gladstone and Ross Basin, and then north to Ross 
Basin. Access to the area is limited to the summer and early fall.
Previous Work
The San Juan volcanic field (Figure 2) and its associated mineral 
deposits have been studied extensively since mineralization was first 
discovered in the 1870s. Reviews of the general geology of the entire San 
Juan region were published by Cross and Larsen (1935), Larsen and Cross 
(1956), and Kelley (1957a). In the 1970s, work at the U. S. Geological Survey 
resulted in a much greater understanding of the evolution and development of 
the individual stratigraphic units and calderas within the volcanic field (Lipman 
and others, 1970; Steven and others, 1974b; Steven and Lipman, 1976;
Lipman and others, 1978).
The western San Juan caldera complex (Figure 3), the location of a 








































CP, Cochetopa Peak 
LL, Lost Lake 
L, Lake City 
LG, La Garita 
MH, Mount Hope
P, Platoro 
SJ, San Juan 
S, Silverton 
SL, San Luis 
SU, Summitville 
U, Ute Creek 
UN, Uncompahgre
Figure 2: San Juan volcanic field, showing the location of the known and 
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Burbank (1968), Lipman and others (1973), and Lipman and others (1976).
The Silverton Quadrangle, which includes the Silverton caldera, was first 
studied by Cross and others (1901) and Ransome (1901). More detailed 
studies on the Silverton caldera and its associated structures include those by 
Burbank (1951), Kelley (1957b), and Burbank and Luedke (1969).
The Mountain Queen vein has not been the subject of any one detailed 
study, but is mentioned in several district-scale studies (Ransome, 1901; Kelley, 
1946; Hazen, 1949; King and Allsman, 1950; Burbank and Luedke, 1969). The 
Mountain Queen was mined intermittently from the 1870s until the 1940s, but 
has not been worked since. In the 1980s, with rising gold prices, interest was 
renewed in the area, and recent work has been completed to evaluate the 
economic potential of the Mountain Queen and other nearby structures (Larson, 
1983; Larson and Padoris, 1984; Larson, 1986; Larson, 1988).
Methods
Six weeks during the summer of 1989 were spent mapping the area 
around the Mountain Queen vein. Thirty three surface samples of the vein and 
the wall rocks were collected. Seven diamond drill holes, completed by Hecla 
Mining Company and Monadnock Mineral Services, were also examined. 
Eighty four samples of the vein and wall rocks in the drill holes were collected.
Petrographic studies were carried out to determine host rock lithologies 
and alteration assemblages. Core and surface samples, polished sections and 
polished thin sections were examined to determine mineral assemblages and 
the paragenetic sequence in the veins. X-ray diffraction studies were used to
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confirm several optical mineral identifications. Microthermometric 
measurements on fluid inclusions in quartz, sphalerite, and rhodochrosite were 
completed to determine the nature of the ore forming fluids, with emphasis on 
how the fluids changed both spatially and temporally.
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HISTORY OF THE MOUNTAIN QUEEN MINE
Historically, the Mountain Queen mine has been an important producer 
within the Eureka mining district. Although the Sunnyside mine to the southeast 
and the Gold King mine to the southwest are by far the largest producers in the 
district, the Mountain Queen has been one of the more active smaller mines. In 
fact, the Mountain Queen mine was one of the first mines discovered, with 
shipment of the first ore in 1877 (Ransome, 1901; Henderson, 1926).
The first ore in San Juan County was found in 1870, when gold was 
discovered in Arrastra Gulch, just east of Silverton (Henderson, 1926). In 1871, 
mineralization was discovered in the Lake City area at the Ute and Ulay 
deposits. At that time, however, the western San Juan region was part of the 
Ute Indian reservation, and not open to mining. In 1874, with the signing of the 
Treaty of Brunot, the area was opened to settlement and mining. Also during 
1874, the Hotchkiss (Golden Fleece) deposit was located near Lake City 
(Henderson, 1926).
Following these discoveries, mining developed rapidly around Silverton, 
while the northeastern part of the Silverton Quadrangle, which includes the 
Mountain Queen mine, initially had little early activity. The development of the 
Crooke and Company smelting plant in Lake City opened the Mountain Queen 
area for mining, and the first ore was shipped from the Mountain Queen mine in 
1877 (Ransome, 1901; Henderson, 1926). The 1877 shipment totalled 370
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tons of ore (Table 1), containing 64% lead and 30 oz/ton of silver (Ransome, 
1901).
The Mountain Queen mine was active intermittently until at least 1949 
(Table 1). From 1877 to 1900, at least 2070 tons of ore (probably considerably 
more) were produced, with most activity occurring from 1878 to 1880 (Ransome, 
1901). During one of these years, $60,000 worth of ore is reported to have 
been produced (Ransome, 1901). Production in 1882 was 1700 tons of ore 
containing 40% lead and 38 oz/ton of silver (Ransome, 1901). Hazen (1949), 
also reports production in 1887 and 1888, although no tonnages are given.
From 1900 until the 1940s, production from the Mountain Queen mine 
was sporadic (Table 1), with an increase during the 1940s. Between 1941 and 
1946, the Mountain Queen produced from 250 to 500 tons of ore per year 
(Hazen, 1949), although specific production figures are not available after 1941. 
The last reported mining activity at the Mountain Queen mine was in 1949, 
when low grade ores were shipped to the Shenandoah-Dives mill in Silverton 
(Colorado Mining Association Mining Yearbook, 1949).
Since 1949, no recorded mining activity has occurred at the Mountain 
Queen mine. In the 1980s, renewed interest in the area resulted in 
reconnaissance work, including geologic mapping, sampling, and drilling, 
carried out by Hecla Mining Company in 1983 and 1984 in the Ross Basin- 
Como Lake-California Gulch area (Larson, 1983; Larson and Padoris, 1984). 
Further drilling on just the Mountain Queen vein was carried out by Monadnock 
Mineral Services in 1986 and 1988 (Larson, 1986; Larson, 1988).
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Table 1: Production of the Mountain Queen Mine. 
Tons
Year of Ore Au(oz) Ag(oz) Pb(lbs) Zn(lbs) Cu(lbs)
1877 370 — 11,100 473,600 — —
1882 1,700 — 64,600 1,360,000 — —
1887 (?) — ($5,688)* ($9,790)* — —
1888 (?) — ($1,551)* ($1,056)* — —
1901 95 3.80 2,403 — — —
1902 22 — 294 19,800 — —
1918 32 0.90 747 13,427 — 602
1924 49 0.81 1,020 — — —
1926 240 3.17 4,607 141,381 51,570 3,932
1940 711 16.29 8,013 137,483 61,151 3,535




2,000 50.00 7,000 165,000 143,000 15,800






(--) No record of production
(*) Only the value of ore produced is available
(A) Calculated from production records
Compiled from: Ransome, 1901; Kelley, 1946; Hazen, 1949; Burbank and 
Luedke, 1969
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The Mountain Queen vein crops out at the head of California Gulch and 
in the northeast part of Ross Basin at elevations above 12,400 feet (3780 m; 
Figure 4). In California Gulch, a shaft and waste dump are located at a change 
in strike of the vein, at approximately 12,760 feet (3889 m). Also, an adit and 
waste dump are located just to the north of the vein outcrop, at 12,320 feet 
(3755 m). In Ross Basin, several prospect pits are visible on the vein, as well as 
two caved adits at 12,700 and 12,840 feet (3871 and 3914 m). The production 






















The San Juan Mountains of southwestern Colorado have quite a varied 
geologic history. Although Cenozoic volcanic rocks predominate in the region, 
other rock types are found. During Precambrian time, a complex history of 
sedimentation, erosion, metamorphism, igneous intrusion, and volcanism 
occurred (Tweto, 1980a). From Paleozoic until late Cretaceous time, uplift and 
subsidence, with associated sedimentation and erosion, were the dominant 
geologic processes, with the Ancestral Rockies uplift occurring during late 
Paleozoic (Tweto, 1980c). Late Cretaceous and early Tertiary were dominated 
by the Laramide orogeny in Colorado (Tweto, 1980b). The San Juan volcanic 
field formed during middle to late Tertiary time, with widespread volcanic activity 
spanning millions of years. Widespread hydrothermal systems, which altered 
the host rocks and produced the major economic mineral deposits of the San 
Juan Mountains, were associated with the volcanic activity. Finally, Quaternary 
glaciation and erosion have carved the rugged valleys and peaks of the present 
San Juan Mountains.
San Juan Volcanic Field 
The San Juan volcanic field of southwestern Colorado (Figure 2) was 
formed during the Tertiary, with most of the volcanic rocks Oligocene in age.
The San Juan volcanic field covers about 5000 square miles in southwestern 
Colorado and northern New Mexico (Steven and Epis, 1968). The bulk of the
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rocks in the San Juan field are intermediate composition lavas and 
volcaniclastic rocks with associated, more silicic ash-flow tuffs. Most of the 
rocks were emplaced from about 35 to 26 Ma, with minor volcanism occurring 
before and after that time (Lipman and others, 1970). The volcanism in the San 
Juan field occurred in three stages. First was an episode of intermediate 
composition lavas and breccias, followed by more silicic pyroclastic eruptions, 
and ending with a bimodal suite of flows (Lipman and others, 1970).
The early intermediate composition lavas and breccias, produced from 
widely scattered central vent volcanoes, were predominantly andesitic to 
rhyodacitic in composition. The majority of the activity took place between 35 
and 30 Ma, with the earliest eruptions probably starting around 40 Ma. The 
early suite makes up about two-thirds of the volume of the San Juan field 
(Lipman and others, 1970). The second phase in the development of the San 
Juan volcanic field was the eruption of widespread pyroclastic sheets from 
about 30 to 26 Ma. These rocks are primarily quartz latite and low-silica rhyolite 
ash-flow tuffs, with local lava flows, and were erupted from restricted caldera 
sources (Figure 2). The ash-flow tuffs and related rocks make up approximately 
one-third of the volume of the field (Lipman and others, 1970). During early 
Miocene time, from 26 to 25 Ma, the character of volcanism changed to a 
bimodal suite of basaltic lavas and high-silica rhyolite flows and tuffs. The 
basalt eruptions were widespread, with only local rhyolitic activity. The volume 
of this last phase of volcanism, which extended from 26 to 4 Ma, is very minor 
compared to the Oligocene lavas and ash-flows (Lipman and others, 1978).
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Western San Juan Caldera Complex
In the western San Juan region, the early stages of volcanism from 35 to 
30 Ma produced a thick pile of lavas, tuffs, and breccias of the San Juan 
Formation. The San Juan Formation is intermediate in composition, and ranges 
up to several thousand feet thick (Burbank and Luedke, 1969). The source of 
the San Juan Formation was a series of volcanoes that stretched from present 
day Silverton to Lake City (Luedke and Burbank, 1968).
The change to more silicic ash-flow eruptions with associated lavas and 
volcaniclastic sedimentary rocks occurred about 29 Ma in the western San 
Juans. Early ash-flow sheets were erupted from the Ute Creek and Lost Lake 
calderas (Figure 2) between 29 and 28 Ma (Lipman and others, 1973). At some 
time just before 28 Ma, the development of the western San Juan caldera 
complex began. The San Juan, Uncompahgre, Silverton, and Lake City 
calderas (Figure 3) formed through a complex history of ash-flow and lava flow 
eruptions.
The earliest event in the formation of the western San Juan caldera 
complex was the eruption of the Dillon Mesa tuff just prior to 28 Ma from the 
Uncompahgre caldera (Lipman and others, 1973). At about 28 Ma, eruption of 
the Sapinero Mesa tuff, and its intracaldera Eureka Member, resulted in the 
collapse of both the San Juan and Uncompahgre calderas (Steven and 
Lipman, 1976). Subsequently, both calderas were filled with lavas and 
volcaniclastic sediments of the Silverton volcanic series, with some outflow 
around the margins. Between 27.8 and 26 Ma, several more ash-flow sheets
T-4199 16
were deposited in the western San Juans, although most of the eruptions 
occurred from calderas in the central part of the field (Lipman and others, 1973).
The Crystal Lake tuff erupted from 27.5 to 27 Ma, and resulted in trapdoor 
subsidence of the Silverton caldera within the older San Juan caldera (Lipman 
and others, 1973; Figure 3). Displacement on the southern margin of the 
Silverton caldera is 1970 ft (600 m), with little or no displacement on the north 
(Steven and Lipman, 1976). From 27.5 to 26.5 Ma, the last stage of the ash- 
flow and associated eruptions occurred, resulting in late lava flows primarily 
within and around the margin of the Uncompahgre caldera (Lipman and others, 
1973).
Following collapse of the San Juan and Uncompahgre calderas, a joint 
resurgence occurred. The resurgence began just before the eruption of the 
caldera-filling Silverton volcanic series, and continued through the eruption of 
the Crystal Lake tuff (Lipman and others, 1973). The resurgence formed a 
broad elliptical dome, with the concurrent development of an apical graben 
(Eureka graben) between the two calderas (Figure 3). There may have also 
been late resurgence associated with the Silverton caldera, although it is 
difficult to distinguish from the San Juan-Uncompahgre doming (Lipman and 
others, 1973).
After a period of reduced volcanism in the western San Juans, the 
eruption of the rhyolitic Sunshine Peak tuff at 22.5 Ma resulted in the formation 
of the Lake City caldera within the southern part of the older Uncompahgre 
caldera (Lipman and others, 1973; Figure 3). Following the ash-flow eruptions 
of the Sunshine Peak tuff, lavas and silicic domes accumulated around the
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margins of the caldera floor (Lipman and others, 1973). The only post-Miocene 
volcanism in the western San Juan region was basaltic lava flows of the 
Hinsdale Formation (Lipman and others, 1973).
The western San Juan caldera complex was important in providing 
structural controls for later mineralization in the western San Juan region. 
Intermittent mineralization occurred from around 30 to 10 Ma, with the ores in 
the Silverton area forming from 15 to 5 Ma after the collapse of the Silverton 
caldera (Lipman and others, 1976). The ores do not appear to be related to the 
caldera cycle itself, but to later intrusions along caldera-related structures, with 





The stratigraphy in the Eureka district consists entirely of igneous rocks, 
with the exception of recent unconsolidated sedimentary deposits. Most of the 
rocks are Oligocene volcanic rocks associated with the western San Juan 
caldera complex. No rocks of the late bimodal suite occur in the district.
Several intrusive igneous bodies of Tertiary age are also present.
The oldest Oligocene volcanic rocks in the western San Juan region are 
the rhyodacitic tuffs and breccias of the San Juan Formation (Burbank and 
Luedke, 1969; Figure 5). The San Juan Formation is not exposed in the Eureka 
district, but is present about three miles northwest of the Mountain Queen area 
in the Uncompahgre district. The San Juan Formation is believed to underlie 
the younger rocks of the Eureka district, and rest unconformably upon Tertiary 
and older sedimentary units.
The Eureka Member of the Sapinero Mesa tuff overlies the San Juan 
Formation, and is the oldest unit which crops out within the Eureka district 
(Figure 5). Although the Eureka Member does not occur in the immediate 
vicinity of the Mountain Queen vein, it does occur about one mile to the 
northeast in California Gulch. Also, at least one of the deeper drill holes 
intersects this unit. The Eureka Member is the intracaldera component of the 







Alluvium (Quaternary): Unconsolidated talus, glacial 
deposits, and alluvium.


















Henson Formation(Oligocene): Andesitic lava flows, 
with minor sandy tuffs.
Burns Formation (Oligocene): Latitic lava flows, with 
minor tuffs and breccias. Hosts most of the ore in the 
Eureka district.
Eureka Member, Sapinero Mesa Tuff (Oligocene): 
Quartz latitic to rhyolitic, densely welded ash-flow tuff.
San Juan Formation (Oligocene): Rhyodacitic tuffs 
and breccias.
Tertiary and older Sedimentary Rocks: Not exposed 
in the Eureka district, but occur northwest, in the area 
around Ouray.
Figure 5: Stratigraphic column for the Eureka mining district. 
Modified from Luedke and Burbank (1987).
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calderas about 28 Ma (Steven and Lipman, 1976). It is a moderately to densely 
welded ash-flow tuff of quartz latitic to rhyolitic composition (Luedke and 
Burbank, 1987). Burbank and Luedke (1969) report that the Eureka Member is 
up to 1200 feet (366 m) thick in the Eureka district.
The Silverton volcanic series is divided into the Burns and the Henson 
Formations (Figure 5). These are both part of the caldera-filling lavas that 
accumulated within the San Juan and Uncompahgre calderas following the 
eruption of the Sapinero Mesa tuff. These lavas were erupted soon after 28 Ma 
(Steven and Lipman, 1976).
The Burns Formation is important because it is the ore host at the 
Mountain Queen mine, and hosts most of the ore in the Eureka district. It is 
composed primarily of lava flows, with minor amounts of tuffs and breccias. The 
composition of the Burns Formation has been reported as latite (Langston,
1978; Larson and Padoris, 1984), quartz latite (Casadevall and Ohmoto, 1977), 
dacite and rhyodacite (Luedke and Burbank, 1987), and rhyodacite (Blood, 
1968; Burbank and Luedke, 1969).
In the California Gulch-Ross Basin area, the Burns is primarily latite lava 
flows. The outcrop of the Mountain Queen vein occurs entirely within Burns 
Formation rocks (Figure 4). The base of the Burns Formation occurs northeast 
of the map area in California Gulch. In the vicinity of the Mountain Queen mine, 
the Burns Formation is 1000 to 1200 ft (305 to 366 m) thick.
The Henson Formation is composed predominantly of andesitic flows, 
with associated sandy tuffs. The Henson Formation occurs on the higher ridges 
in the Eureka district, but does not host any ore at the Mountain Queen mine. At
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the Sunnyside mine, where the rocks have been down-dropped within the 
Eureka graben, the Henson hosts minor amounts of ore (Langston, 1978). The 
lava flows of the Henson Formation were classified as alkali-rich andesites by 
Langston (1978).
In the California Gulch-Ross Basin area, the Henson Formation occurs 
on the ridge southeast of the Mountain Queen saddle. The Henson Formation 
also outcrops south of the Ross Basin fault, within the Eureka graben (Figure 4). 
The top of the Henson Formation has been eroded away, but it is 300 to 400 ft 
(91 to 122 m) thick southeast of Mountain Queen saddle, and is reported to be 
at least 1100 feet (335 m) thick within the Eureka graben (Langston, 1978).
Several intrusive igneous bodies occur in the district, which Luedke and 
Burbank (1987) classified as Oligocene to Miocene in age. One of these bodies 
is a rhyolitic intrusion which occurs along the crest of California Mountain, just to 
the east of the Mountain Queen mine (Figure 4). The California Mountain 
rhyolite occurs along a northeast-trending line of intrusions which is subparallel 
to the northwest edge of the San Juan and Uncompahgre calderas (Figure 3). 
These intrusive bodies are quartz latitic or rhyolitic in composition. Lipman and 
others (1976) have dated quartz latite intrusions in the vicinity of Engineer 
Mountain at 22.3 and 15.4 Ma. These ages suggest that the intrusions were not 
related to the Silverton or older caldera cycles, but were part of a younger 
igneous event.
The youngest rocks in the Eureka district are unconsolidated 
sedimentary deposits (Figure 5). These include talus, alluvium, and glacial
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deposits of Quaternary age. These rocks were not significant to the results of 
this research and are, therefore, undifferentiated.
Structure
The major structures in the Eureka district are the faults associated with 
the northeast-trending Eureka graben (Figure 6). These include the Sunnyside 
and Ross Basin faults on the north, and the Toltec and Bonita faults on the 
south. The Eureka graben extends northeastward from the Eureka district, 
about seven miles (11.3 km), where it is cut off by the Lake City caldera (Figure 
3). The graben ends in the southwest at the Bonita fault (Burbank, 1951; 
Burbank and Luedke, 1969; Luedke and Burbank, 1987).
The Sunnyside fault and its northward extensions, the Wood Mountain 
and Cinnamon faults (Figure 6), form the northern edge of the "leg" of the boot­
shaped Eureka graben. The Sunnyside fault ends abruptly at its intersection 
with the Ross Basin fault in the south. The fault dips steeply to the southeast, 
and has a displacement of about 1500 feet (457 m) near the Ross Basin 
intersection, with the southern block downthrown (Burbank, 1951).
The Ross Basin fault trends to the northwest from its intersection with the 
Sunnyside fault, and forms the northern part of the "foot" of the Eureka graben 
(Figure 6). The Ross Basin fault dips steeply to the southwest, and has 
maximum displacement near its intersection with the Sunnyside fault (Burbank 
and Luedke, 1969). In Ross Basin, the Burns-Henson contact is offset 
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The Ross Basin fault outcrops prominently in Ross Basin as a massive quartz 
vein, up to 40 feet (12 m) wide (Figure 7).
The Toltec, Anaconda, and Bonita faults form the southern margin of the 
graben (Figure 6). The Toltec fault trends to the northeast, and dips from 60° to 
70° to the northwest (Burbank and Luedke, 1969). The Bonita fault on the 
southwest has been described both as a broken zone up to 500 feet (152 m) 
wide (Burbank, 1951), and as a single fault with many small faults parallel and 
diagonal to it on the southwest (Burbank and Luedke, 1969). The Bonita fault 
dips steeply to the northeast, but has an unknown offset (Burbank and Luedke, 
1969).
Another important structural feature of the Eureka district is a set of veins 
in the footwall of the Ross Basin fault. These veins join the Ross Basin fault at 
approximately right angles and extend northeast for several thousand feet 
(Figure 6). Many of the veins, including the Mountain Queen, have sharp 
bends, and continue almost due east. The veins generally dip steeply to the 
south or southeast (Burbank, 1951).
Mineralization
Mineralization occurs throughout the Eureka district, and is primarily in 
the form of veins. Most of the mineralization is associated with the major 
structures of the Eureka graben. Of the more than 100 mines in the district, the 
Sunnyside and Gold King mines (Figure 6) have accounted for more than 80 
percent of the value of ore produced (Burbank and Luedke, 1969). Besides the 
Sunnyside and Gold King, most mines are small, and relatively near the
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Figure 7: Outcrop of the Ross Basin fault in Ross Basin. Looking northeast 
toward the Mountain Queen saddle, with Burns Formation lava flows 
outcropping on the hillside.
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surface. The Mountain Queen mine (Figure 6), for instance, had only 5500 tons 
of recorded production (see Table 1), and the shaft extended only 400 feet (122 
m) below the surface.
The veins of the Eureka district can be quite extensive, both laterally and 
vertically, although ore intervals tend to be more restricted. At the Sunnyside 
mine, for example, ore occurs over a vertical range of 3000 feet (914 m) along 
several veins, but in individual veins, the maximum ore interval is 1400 feet 
(427 m; Burbank and Luedke, 1969). Along the length of any one vein, ore 
tends to occur sporadically, with zones of barren gangue separating the ore 
intervals. Burbank and Luedke (1969) state that vein intersections, deflections 
in direction, and variations in dip strongly influence the location of ore shoots.
Burbank and Luedke (1969) suggested a general paragenetic sequence 
for the district. An early quartz-pyrite stage was followed by a base-metal 
sulfide stage, then a rhodonitic stage, and a final stage of quartz, sphalerite, 
galena, chalcopyrite, tetrahedrite, and fluorite, with local free gold. Detailed 
work at the Sunnyside mine (Casadevall and Ohmoto, 1977; Langston, 1978) 
has identified six or seven stages (Table 2), and places the precious metal 
stage between the base-metal and the manganese stages. At the Gold King 
mine, Koch (1990) identified four stages (Table 2), and also placed the precious 
metal stage after the base-metal sulfide stage. A more complete paragenetic 
sequence for the Eureka district as a whole might be an early quartz-pyrite 
stage, a base-metal sulfide stage, a precious metal stage, a manganese-rich 







































































































present at every mine in the district, and other stages or substages may be 
present.
The veins of the Eureka district are primarily composed of quartz gangue, 
although locally, ore shoots can be made up of massive sulfides. The quartz 
veins can have significant surface expressions, such as the Ross Basin fault 
(Figure 7). Other common gangue minerals are manganese-silicates, 
rhodochrosite, calcite, and fluorite. A variety of manganese-silicates are 
especially common at the Sunnyside mine and in the mines northeast along the 
Sunnyside fault (Burbank, 1933).
The most common sulfides in the district include pyrite, chalcopyrite, 
sphalerite, galena, and tetrahedrite-tennantite. Pyrite can be found in the early 
quartz-pyrite stage and also in the base-metal sulfide stage. Most of the zinc, 
lead, and copper from the district come from the sphalerite, galena, and 
chalcopyrite of the base-metal sulfide stage, while the majority of the the silver 
is associated with argentiferous tetrahedrite from early in the precious metal 
stage. Gold, which is present in significant quantities only at the Sunnyside and 
Gold King mines, is found in the form of native gold, electrum, and various gold- 
telluride minerals (Casadevall and Ohmoto, 1977; Koch, 1990).
Alteration
The rocks of the Eureka district have been propylitically altered to various 
degrees. This alteration is regional in extent, and has affected rocks throughout 
the San Juan and Uncompahgre calderas. The event which caused the 
propylitic alteration was preore (Burbank, 1960). The propylitic alteration
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grades from an assemblage of chlorite-calcite-clays near the surface, to a more 
intense epidote-albite-chlorite assemblage at depth (Burbank, 1960; Burbank 
and Luedke, 1969).
The other major alteration type in the district is local alteration associated 
with individual veins. This vein-related alteration is proportional to the width of 
the vein (Casadevall and Ohmoto, 1977). Generally, it contains various 
proportions of quartz, sericite, and pyrite, and becomes less intense outward 
from the vein. Vein-related alteration eventually grades into the regional 
propylitic alteration with distance from the vein.
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PETROGRAPHY
Samples from both the surface and the diamond drill holes were 
examined to determine the petrography of the rocks in the area of the Mountain 
Queen mine. A total of thirty two thin sections of Burns Formation, Henson 
Formation, and California Mountain rhyolite were examined. Because both the 
Burns and Henson Formations have been altered to some degree by the preore 
propylitization, some of the mineralogic identifications are speculative.
Burns Formation
The Burns Formation consists of latite flows in the area around the 
Mountain Queen mine. The flows are green to light green in hand sample, with 
brown iron-staining due to weathering. Most samples are massive, with flow 
banding present locally. Plagioclase phenocrysts up to several millimeters long 
are visible in the majority of hand samples. Euhedral pyrite crystals (up to 0.5 
mm), formed during regional propylitization, are disseminated throughout the 
Burns, although weathering has replaced some pyrite with limonite. Other 
effects of the propylitic alteration can be seen in many hand samples where 
epidote is visible, and the majority of samples react with dilute HCI due to 
calcite replacement of phenocrysts and/or groundmass.
Microscopically, all samples are porphyritic, with phenocrysts of 
plagioclase, hornblende, and pyroxene in a matrix of fine-grained plagioclase 




Figure 8 : Porphyritic Burns Formation lava flow consisting of plagioclase 
phenocrysts in a matrix of fine-grained plagioclase. Moderately altered with 
sericite replacing the core of a large plagioclase phenocryst, calcite and chlorite 
replacing the groundmass, and pyrite disseminated throughout. A-polarized 
light, B-plane light. Field of view = 2.9 X 2 mm.
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exhibit a weak alignment of phenocrysts. Rare glomeroporphyritic intergrowths 
of crystals do occur.
Euhedral plagioclase laths have an oligoclase composition, with An 
contents ranging from 20 to 30%, and make up greater than 50% of the 
phenocrysts. Most plagioclase phenocrysts are 0.5 to 2 mm in length, although 
some can be as large as 4 mm. Altered hornblende crystals, up to 2 mm in size, 
make up 5 to 20% of the phenocrysts. Pyroxene, which accounts for 5 to 30% of 
the phenocrysts, is also completely altered, and ranges up to 2 mm, although 
most are between 0.5 and 1 mm in size. All phenocrysts together comprise from 
30 to 50% of the rock.
The groundmass, which makes up 50 to 70% of the flows, is generally 
composed of plagioclase microlites of <0.1 mm (Figure 8), although one sample 
contained larger crystals (up to 0.5 mm). Two samples show cryptocrystalline, 
felted textures, probably of tiny plagioclase laths. The plagioclase in the 
groundmass has an oligoclase composition, with An contents from 20 to 30%.
A trace amount of fine-grained apatite (<0.1 mm) is also present. Commonly, 
the groundmass is partially replaced by alteration minerals (see section on 
Alteration).
Henson Formation 
The Henson Formation consists of andesite lava flows in the area of the 
Mountain Queen mine. The flows are green in hand sample, and tend to be 
darker than the Burns flows. Less iron-staining is present on Henson rocks, due
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to the fact that little or no pyrite is present. No flow banding was observed, 
either in hand sample or in thin section.
The Henson lavas are porphyritic, with phenocrysts of plagioclase, 
pyroxene, and hornblende making up 30 to 35% of the rock (Figure 9). The 
plagioclase phenocrysts are andesine-labradorite in composition, with An 
contents from 40 to 55%. The plagioclase ranges in size from 0.1 to 2 mm, is 
generally euhedral, and makes up about 75% of the phenocrysts. Altered 
pyroxene comprises 25 to 30% of the phenocrysts and can be up to 1 mm. 
Traces of hornblende phenocrysts can be present, and are also completely 
altered.
The groundmass of the Henson Formation consists of a gray, 
cryptocrystalline matrix (Figure 9), and comprises 65 to 70% of the flows. 
Langston (1978) reported that the groundmass is composed of andesine 
microlites, glass, and cryptofelsite. The matrix of Henson Formation lavas is 
commonly partially replaced by alteration minerals.
California Mountain Rhyolite
The youngest major rock type in the Mountain Queen area is the 
intrusion which occurs along the crest of California Mountain (Figure 4). This 
intrusion varies from light gray to almost black in color. The rock can be 
massive, which is common in the darker samples. More commonly a distinct 
layering is present, expressed by iron-staining along parallel fractures. The 
intrusion is very fine-grained, and no minerals are identifiable in hand sample. 
The rock weathers from reddish-brown to black.
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Figure 9: Porphyritic Henson Formation lava flow consisting of plagioclase and 
pyroxene phenocrysts in a cryptocrystalline groundmass. Moderately altered 
with calcite replacing plagioclase phenocrysts, chlorite or Fe-oxides replacing 
pyroxene phenocrysts. A-polarized light, B-plane light. Field of view = 2.9 X 2 
mm.
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The California Mountain intrusion is cryptocrystalline, with a groundmass 
too fine-grained for identification (<0.01 mm). Some coarse-grained 
segregations are present, perpendicular to the fracturing. These segregations 
consist of intergrowths of quartz and potassium feldspar (up to 0.5 mm), locally 
with a micrographic texture. Minor fine-grained muscovite (1 to 2%) is also 
present, in both the groundmass and in the coarser segregations. One sample 
of the California Mountain intrusion has been analyzed (Luedke and Burbank, 
1987; Table 3). The California Mountain intrusion is a rhyolite body, based 
upon a Si02 content of 76.7%.
Rhyolite dikes also occur in several of the diamond drill holes on the 
Mountain Queen vein (see section on Vein Structure). The dikes usually occur 
within, or near the margin of, the vein zone, and are fairly strongly altered (see 
section on Alteration). They are generally coarser than the California Mountain 
rhyolite (up to 0.5 mm). Layering is apparent in all of the dikes, and is caused 
by layers of fine-grained quartz (^0.5 mm) separated by gray, cryptocrystalline 
layers.
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Source: Luedke and Burbank (1987)-Analysis #12
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ALTERATION
Within the Eureka mining district, and at the Mountain Queen mine, in 
particular, two types of alteration predominate. The first is a widespread, preore 
propylitic alteration which has affected rocks throughout the entire Eureka 
district (Burbank, 1960). The second major alteration type is more restricted in 
extent and occurs as haloes around the veins. The vein-related alteration may 
vary slightly from vein to vein, and grades outward into the regional propylitic 
alteration.
Thirty two thin sections from surface samples and drill core were 
examined, as well as 12 polished thin sections from samples taken from around 
the vein. Alteration minerals were grouped into the two alteration assemblages. 
A series of samples stepping away from the veins was examined to evaluate 
how the vein-related alteration changes away from the vein and how it grades 
into the propylitic alteration.
Preore Propylitization 
The preore propylitic alteration affected both the Burns and Henson 
Formations in the Mountain Queen area, although to a lesser degree in the 
Henson Formation. The California Mountain rhyolite and the rhyolite dikes in 
the drill holes appear to have been unaltered by the early propylitic event. In 
general, the alteration becomes more intense with depth. At the surface, an
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assemblage of chlorite-carbonate predominates, with epidote becoming more 
common with depth.
In both the Burns and Henson Formations, preore propylitization has left 
the original texture of the rock intact, but has changed the mineralogy to varying 
degrees. Chlorite is disseminated throughout the flows (Figures 8 & 10), and 
comprises 10 to 50% of the groundmass. Only one sample, from the less 
intensely altered Henson Formation, showed no chlorite in the groundmass 
(Figure 9). Calcite aggregates up to 0.5 mm are also common in the 
groundmass (Figures 8 & 10), and occur in about 60% of the rocks. The calcite 
is randomly distributed, and comprises as much as 20% of the groundmass. 
Disseminated pyrite is ubiquitous in the Burns Formation rocks, and comprises 
1 to 2% of the groundmass. The pyrite is generally euhedral to subhedral and 
is up to 0.5 mm in size. In the Henson Formation, pyrite is absent, but minor 
amounts of disseminated, fine-grained hematite are present. Rarely, fine­
grained epidote is present in the groundmass, although epidote is usually 
restricted to the phenocrysts.
Propylitic alteration is usually most obvious in the phenocrysts of the lava 
flows. Plagioclase tends to be the least altered, with phenocrysts partially to 
completely replaced by calcite ± chlorite ±  epidote (Figures 10 & 11). This 
alteration usually affects the more calcic center of the plagioclase crystal first. 
Sericite also locally replaces plagioclase phenocrysts (Figure 11). Hornblende 
phenocrysts are always completely replaced, usually by calcite ±  sericite, with 
local rare epidote. Pyroxene crystals are always completely replaced by 
chlorite ± pyrite ± rare epidote in the Burns Formation. In the Henson
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Figure 10: Propylitically altered lava flow of the Henson Formation. 
Groundmass strongly altered with chlorite throughout, minor calcite aggregates. 
A-polarized light, B-plane light. Field of view = 2.9 X 2 mm.
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Figure 11: Propylitically altered lava flow of the Burns Formation. Large 
plagioclase phenocryst replaced by calcite, chlorite, sericite, and minor 
epidote. Groundmass partially replaced by chlorite and pyrite. C=calcite, 
S=sericite, E=epidote. A-polarized light, B-plane light. Field of view = 2.9 X 2 
mm.
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Formation, pyroxene phenocrysts are altered to chlorite ± Fe-oxides ± rare 
epidote (Figure 12).
Vein-Related Alteration
The alteration associated with individual veins in the Eureka district 
occurs on both the hanging wall and footwall sides in most cases, although 
local, impermeable gouge zones sometimes seal the wall rock from alteration. 
Vein-related alteration occurs within a few feet to a few tens of feet of the vein, 
and the thickness of the alteration halo is proportional to the thickness of the 
vein. Burbank and Luedke (1969) report that most of the vein-related alteration 
in the Eureka district consists of quartz, sericite, and pyrite in various 
proportions.
In the Mountain Queen area, vein-related alteration extends up to several 
tens of feet away from the vein. At the surface, the thickness of the vein and the 
alteration combined can be up to 100 feet (30 m; Figure 13). This thick zone is 
made up primarily of quartz, sericite, and disseminated pyrite. The sericite has 
been identified by x-ray diffraction as very fine-grained muscovite (2M polytype). 
The alteration assemblage is equivalent to the sericitic alteration of Hayba and 
others (1985). With distance from the vein, the alteration grades into the 
regional propylitic alteration, as illustrated in Figure 14.
Immediately adjacent to the vein, a fine-grained selvage of quartz up to 
several centimeters thick may be present (Figure 14). Also, a layer of subhedral 
pyrite may be present along the vein margin (Figure 14). Outward from the 
quartz envelope is a fine-grained assemblage of quartz-sericite-pyrite, which 
makes up the bulk of the alteration halo that is visible on the surface. Nearest
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Figure 12: Propylitically altered lava flow of the Henson Formation. Large 
pyroxene phenocryst replaced primarily by chlorite (minor Fe-oxides along 
grain margin). A-polarized light, B-plane light. Field of view = 2.9 X 2 mm.
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Figure 13: Mountain Queen vein outcrop in California Gulch. Total thickness of 
outcrop made up by vein and alteration halo. Looking northwest. Volcanic 
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the vein, this assemblage consists of completely recrystallized, fine-grained 
quartz and sericite (Figure 15). Quartz grain size varies from <0.01 mm to 0.5 
mm, while sericite is generally <0.1 mm. Quartz comprises 60 to 85% of the 
rock, with evenly disseminated sericite. Pyrite makes up 2 to 5% of the zone, 
and is disseminated as subhedral to euhedral crystals of up to 0.5 mm in size.
No relict volcanic texture is discernible this close to the vein (Figure 15).
Farther from the vein, a relict volcanic texture becomes distinct (Figure 
14). Sericite-rich, irregular aggregates occur nearer the vein (Figure 16A), with 
more regular-shaped aggregates becoming common farther from the vein 
(Figure 16B). The sericite-rich areas are the sites of the plagioclase 
phenocrysts. Fine-grained sericite and quartz (<0.1 mm) occur in the 
phenocryst sites, with sericite comprising 60 to 80% of the relict phenocrysts. 
Pyrite still occurs disseminated throughout the matrix, but is also more common 
in the phenocryst sites. The sericite in the phenocryst sites is slightly coarser 
than that which occurs in the groundmass.
Farther from the vein, a transitional zone between the vein-related 
alteration and the propylitic alteration is present (Figure 14). Calcite replaces 
phenocrysts, along with sericite and quartz. Also, chlorite appears, both in the 
matrix and in the phenocrysts. As calcite and chlorite become more abundant 
away from the vein, quartz and sericite decrease. Also, pyrite decreases slightly 
in this outer limit of the vein-related alteration, especially in the phenocrysts. 
Epidote appears only when all traces of vein-related alteration are absent 
(Figure 14). Also, pyroxene and hornblende phenocrysts become discernible at 
the outer limits of the vein-related alteration.
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Figure 15: Recrystallized wall rock adjacent to the vein. Both samples within 15 
cm of the vein. No volcanic texture is visible as quartz, sericite, and pyrite have 




Figure 16: Wall rock adjacent to the vein with weak relict volcanic texture. A- 
Irregular, sericite-rich aggregates in quartz-sericite-pyrite matrix (closer to vein). 
B-Regular, sericite-rich aggregates in quartz-sericite-pyrite matrix (farther from 
vein). Volcanic texture becomes more pronounced farther from the vein. 
Polarized light. Field of view = 2.9 X 2 mm.
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The rhyolite dikes that occur adjacent to the vein in the drill holes have 
been altered by the vein-related alteration. Although the original layering in the 
dikes is apparent, recrystallization has occurred. Grain size of the matrix of the 
dikes is coarser than that of the California Mountain rhyolite on the surface (up 
to 0.5 mm), and is composed primarily of quartz. Sericite has been introduced, 
and makes up 10 to 20% of the rock. Also, pyrite is disseminated throughout 
the dikes, while it is absent on California Mountain. These observations 
suggest that the rhyolite dikes were altered by the vein-related alteration and 
are, therefore, older than the altering event.
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VEIN STRUCTURE
The Mountain Queen vein has been examined both on the surface and in 
drill core to determine its overall structure and extent. Seven diamond drill 
holes were examined (Figure 17), and cross-sections were plotted for each 
(Figures 18 & 19). The vein has been examined over a vertical range of almost 
1300 feet (396 m), from the highest surface outcrop at 13,200 feet (4023 m), to 
the deepest drill hole intercept at an elevation of 11,900 feet (3627 m). The vein 
has been examined laterally for approximately 4000 feet (762 m), from its 
intersection with the Ross Basin fault in the south, to its end in the center of 
California Gulch.
Structure
The Mountain Queen vein has a fairly simple structure, consisting of a 
single vein over much of its length (Figure 18; Figure 19A). The vein does 
appear to split at depth in the area east of the Mountain Queen shaft because 
an upper and lower vein have been intersected by the drill holes (Figure 19B, 
D). Although the lower vein does not form prominent outcrops, several prospect 
pits to the north of the upper vein outcrop may reflect its position (Figure 17). 
Also, the Mountain Queen adit may actually be driven along the lower vein. 
Weakly mineralized quartz splays, which are generally much thinner than the 
main vein, commonly occur in the hanging wall and/or footwall (Figures 18 & 
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Figure 18B: Cross-section, diamond drill hole 84-14, Ross Basin.
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Figure 19D: Cross-section, diamond drill hole 86-1, California Gulch.
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dikes are generally found at or near the margin of the vein (Figure 19), and may 
have influenced the location of the vein.
The strike of the vein varies significantly along its length (Figure 17). In 
the south, where the Mountain Queen intersects the Ross Basin fault, the strike 
of the the vein is approximately north-south. Farther up the slope of Hurricane 
Peak, the vein changes strike to N45°E. This strike continues through the 
Mountain Queen saddle and into California Gulch to the Mountain Queen shaft. 
At the shaft, strike again changes, to almost east-west. The east-west strike 
continues to the center of California Gulch, where the vein has been cut off by 
erosion and/or glaciation. On the western slope of California Mountain, directly 
east of the end of the Mountain Queen vein, several parallel veins, which strike 
approximately east-west, occur. Although no significant outcrop was available 
for examination, it is assumed that this is the eastward extension of the 
Mountain Queen vein.
The dip of the Mountain Queen vein is generally steep to the east and 
south. The shallowest dips occur in Ross Basin, where dips of 45° to 50° to the 
southeast occur (Figure 18). The shallower dips occur where a single vein is 
present. East of the Mountain Queen shaft, where the vein splits, the dips 
become steeper. In this area, dips range from 60°S to almost vertical, 
averaging about 75°S (Figure 19).
Vein Morphology
The thickness of the vein can vary considerably. On the surface, the vein 
outcrop (including the alteration halo), varies from 100 feet thick (30 m; Figure
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13), to only 10 or 15 feet (3 to 5 m). In drill core, the vein ranges from 35 feet (11 
m, Drill hole 84-14; Figure 18B), up to 150 feet (46 m, Drill hole 84-20; Figure 
19C). The vein pinches and swells along the dip. In some cases, the vein 
appears to widen with depth (Figure 19C), while in others the vein appears to 
pinch out downward (Figure 19B).
The vein is composed of three different types of mineralization, the most 
common of which is a quartz-cemented breccia (Figure 20). The breccia is 
made up of angular fragments of wall rock cemented by euhedral to subhedral 
quartz. The wall rock fragments are up to five centimeters in size, and are 
variably altered. Commonly, pyrite occurs along the margin of the fragments. 
The quartz cement contains any of the three stages of mineralization (see 
section on Vein Mineralization), and ranges from essentially barren to 
moderately mineralized.
Quartz stringers are also present within the vein. The quartz stringers 
consist of a series of subparallel quartz veins in a matrix of altered wall rock 
(Figure 21). The quartz veins vary in width from several millimeters up to 
several centimeters. The wall rock between the veins in the quartz stringer 
zones is usually moderately to strongly altered, with weak or no volcanic texture 
discernible. All three stages of mineralization can be present in the quartz 
stringers. The veins are generally barren, but can have locally abundant sulfide 
minerals.
The third morphology is massive quartz veins one foot (0.3 meters) or 
greater in thickness. Rarely, the quartz veins exceed ten feet (3 m) in thickness. 




Figure 20: Quartz-cemented breccia zones showing altered wall rock fragments 
in a matrix of quartz. A-Sample from DDH 88-1, elevation 12,170 ft (3709 m). 
B-Sample from surface outcrop at Mountain Queen shaft, elevation 12,770 ft 
(3892 m). Scale = 5 cm.
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Figure 21: Quartz stringer zone showing thin, subparallel quartz veins cutting 
strongly altered wall rock. Mountain Queen vein outcrop in California Gulch, 
approximately 700 ft (213 m) east of the shaft.
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cemented breccia zone, although locally they are isolated. The quartz veins 
contain any of the three stages of mineralization, however, they are usually 
more strongly mineralized than the quartz-cemented breccias or the quartz 
stringers.
Distribution of Mineralization
Mineralization throughout the Mountain Queen vein tends to be sporadic, 
although the average grades of the drill hole intercepts are similar. In Ross 
Basin, the vein intercepts in drill holes 84-14 and 84-15 average 0.010 oz/ton 
Au, 1.10 oz/ton Ag, and 0.70% combined Pb, Zn, and Cu (Table 4). Individual 
analyses run as high as 0.032 oz/ton Au and 7.81 oz/ton Ag. Several high 
grade assays are also reported from the Mountain Queen-Ross Basin upper 
adit (Larson and Padoris, 1984), with silver grades up to 24.51 oz/ton.
In California Gulch, the upper vein generally has lower grades than the 
lower vein. The upper vein averages 0.007 oz/ton Au, 0.70 oz/ton Ag, and 
0.37% combined base-metals (Table 4). The lower vein, on the other hand, 
contains average grades of 0.015 oz/ton Au, 5.19 oz/ton Ag, and 0.97% base- 
metals (Table 4). Grades based on mining records in the Mountain Queen shaft 
area, which should be higher due to selective mining techniques, were 0.024 
oz/ton Au, 18.57 oz/ton Ag, and over 25% base-metals (Table 1). Drill holes 84- 
19, and possibly 86-1, are the only holes which appear to intersect significant 
mineralization (Table 4), although all of the drill holes have at least one small, 
high-grade intercept.
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Table 4: Average Grade of Diamond Drill Hole Vein Intercepts
Thickness Gold Silver Base-metals
DDH (Feet) (oz/ton) (oz/ton) (%)
84-15 23 0.009 1.02 0.08
84-14 38.5 0.011 1.17 0.62
86-2 85 0.004 0.39 0.09
84-19
Upper 40 0.009 1.31 0.34
Lower 51 0.016 8.03 0.27
84-20 176 0.007 0.55 0.72
86-1
Upper 10.8 0.006 0.40 0.34
Lower 25 0.014 2.35 1.66
RB upper adit
A 2 0.034 24.51 —
B 3 0.022 11.10 —
(—) No reported values.




Within the Eureka mining district, the mineralogy and paragenetic 
sequence are similar from mine to mine, although variations are present (Table 
2). To determine the mineralogy and paragenesis in the Mountain Queen vein, 
samples from both surface outcrops and drill hole vein intercepts were 
examined. None of the mine workings were accessible for mapping and 
sampling. Vein mineralogy, overgrowths, and cross-cutting relationships were 
first examined on hand sample scale to work out a general sequence of 
mineralization. Next, detailed mineralogy and texture were examined in 12 
polished thin sections, six polished sections, and 43 doubly polished fluid 
inclusion plates. This led to further refinement of the mineralization sequence, 
based upon cross-cutting relationships, common mineral intergrowths, and 
replacement textures. Finally, x-ray diffraction was used to confirm optical 
identifications of several minerals.
Mineralogy
The mineralogy of the Mountain Queen vein is fairly simple. Quartz is the 
major mineral found in the vein, and occurs in all of the paragenetic stages. 
Quartz ranges from very fine-grained, anhedral masses to euhedral crystals up 
to several centimeters in length. Vugs are common, with drusy quartz lining the 
cavities. Other gangue minerals found include calcite, fluorite, hematite, and
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rhodochrosite. These minerals are found in only minor or trace amounts, and 
tend to occur late in the paragenesis.
Besides quartz, sulfides are the most abundant minerals in the vein. 
Pyrite is the most prevalent sulfide, occurring throughout the paragenesis, as 
well as at all explored elevations of the vein. Although pyrite has no economic 
value, it is important because of its spatial and temporal range.
Galena and sphalerite are the two most important economic minerals in 
the Mountain Queen vein, accounting for the lead and zinc production at the 
mine (Table 2). Galena and sphalerite occur throughout the vein, but abundant 
amounts occur on a much more restricted basis. Chalcopyrite and tetrahedrite, 
which account for the copper and silver production (Table 2), occur in minor 
amounts, and are usually associated with galena and/or sphalerite.
Paragenetic Sequence 
The paragenetic sequence of the Mountain Queen vein is divided into 
three stages (Figure 22). First was an early quartz-pyrite stage (Stage I), which 
occurred throughout the vertical and lateral extent of the vein. Following the 
quartz-pyrite stage was a base-metal sulfide stage (Stage II), which is divided 
into three substages (Figure 22). The sulfide stage affected much of the lateral 
and vertical extent of the vein, but only locally was able to produce large 
concentrations of sulfides. The final stage is quartz-rhodochrosite (Stage III), 
and probably was more limited in time than the previous two stages. Stage III is 












The first two paragenetic stages are generally found as a composite vein 
when they occur together, with Stage II minerals overgrowing Stage I. Less 
commonly, Stage II veins cut across Stage I veins. Stage III mineralization, 
which is less abundant than the previous stages, occurs as vug filling in Stage I 
or Stage II mineralization, or as discrete veins cutting through earlier veins.
Quartz-Pvrite Stage
The first mineral deposited during the quartz-pyrite stage was quartz.
The quartz was deposited as an open space filling, forming euhedral to 
subhedral crystals up to several centimeters in size. Pyrite followed quartz 
deposition, and usually filled vugs between the quartz crystals. The pyrite is 
generally euhedral, and ranges up to one centimeter in size. No other minerals 
are found in Stage I, unless they were introduced by a later stage of 
mineralization.
At the Mountain Queen mine, Stage I mineralization makes up close to 
50% of the mineralization examined. The Mountain Queen structure was 
probably relatively open during the time of quartz-pyrite mineralization in the 
district. Thus, mineralizing fluids were free to move along the full extent of the 
structure, accounting for the wide distribution of Stage I mineralization.
Base-Metal Sulfide Stage
Stage II contains the bulk of the economic minerals at the mine, including 
most of the sphalerite, galena, and chalcopyrite, as well as all of the 
tetrahedrite. It occurs in all of the vein intercepts in the drill holes, as well as the
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lower elevation surface outcrops. Stage II mineralization occurs along the 
entire length of the vein. The base-metal sulfide stage at the Mountain Queen 
includes what would be several stages at the nearby Sunnyside mine (Table 2). 
Subdivisions of Stage II at the Mountain Queen are similar to the stages 
identified at the Sunnyside mine (Casadevall and Ohmoto, 1977; Langston, 
1978).
Early Stage II contains sphalerite and galena, plus quartz (Figure 22).
The first mineral deposited during early Stage II was quartz. The quartz is 
subhedral to euhedral and is up to several centimeters long. As quartz 
deposition continued, sphalerite and galena crystals began to precipitate. The 
sphalerite is generally subhedral and fills in spaces between the quartz crystals 
(Figure 23). Galena is present as euhedral to subhedral vug-filling crystals.
The early sphalerite and galena can be up to one centimeter in size.
The change to middle Stage II is marked by a change in texture, although 
the mineralogy remains similar. Intergrowths of sphalerite and galena become 
common (Figure 24), although individual crystals of both minerals are present. 
The sphalerite-galena intergrowths are fine-grained, and are locally massive. 
Sphalerite is generally more abundant than galena, making up from 60 to 80% 
of the intergrowths (Figure 24). It is probably these massive intergrowths from 
middle Stage II that made up the bulk of the ore at the Mountain Queen mine 
during the early years of production. Fine-grained tetrahedrite (<0.1 mm) is 
sparsely interspersed locally in the sphalerite-galena intergrowths. Although 
tetrahedrite is relatively rare in the drill holes, it was probably locally abundant 
where ore has been extracted. Early grades of up to 38 oz/ton of silver
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Figure 23: Sphalerite filling vugs between quartz crystals. Pyrite is also present 
within the quartz. Q=quartz, S=sphalerite, P=pyrite, V=vug. Sample 066, DDH 




Figure 24: Intergrown sphalerite and galena. Pyrite is also present in both 
samples. Q=quartz, S=sphalerite, G=galena, P=pyrite. A-Sample 013, DDH 
84-20. B-Sample MQ-29, Mountain Queen shaft. Reflected light. Field of view: 
A-2.5 X 1.5 mm, B-3.5 X 2 mm.
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(Ransome, 1901) suggest that silver-rich tetrahedrite was fairly abundant in the 
ores.
Quartz deposition was continuous through early and middle base-metal 
sulfide mineralization, and pyrite was deposited continuously, but in minor 
amounts. Pyrite occurs as euhedral to subhedral disseminated grains up to 1 
mm in size (Figures 23 & 24). Euhedral fluorite crystals up to 1 mm in size occur 
locally with quartz during early Stage II. Sericite occurs in minor amounts in 
middle Stage II mineralization. Sericite lines fractures or occurs in vugs, and is 
usually associated with sphalerite and/or galena. The fine-grained sericite has 
been identified as a 2M muscovite by x-ray diffraction. Fine-grained, acicular 
hematite (<0.1 mm) is sometimes present during middle Stage II mineralization 
(Figure 22).
At the nearby Sunnyside mine, banded sulfide and massive sulfide 
stages were identified (Casadevall and Ohmoto, 1977; Langston, 1978). It is 
likely that these two stages also exist in the Mountain Queen vein, and 
correspond to early and middle Stage II. The early quartz, sphalerite, and 
galena at the Mountain Queen are similar in texture to the earlier banded 
sulfides, and the fine-grained sphalerite-galena intergrowths are texturally 
similar to the later massive sulfides of Langston (1978).
Late base-metal sulfide mineralization at the Mountain Queen mine 
contains the majority of the chalcopyrite (Figure 22). This period of 
mineralization is different from Stage I and early and middle Stage II in that it 
consists primarily of replacement textures, rather than open space filling. Also, 
quartz is absent during late Stage II. Chalcopyrite is commonly found replacing
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pyrite, sphalerite, or galena as anhedral blebs, generally along grain margins or 
along microfractures of crystals (Figure 25). Rarely, chalcopyrite is found as 
discrete, fine-grained crystals.
The base-metal sulfide stage accounts for close to 50% of the 
mineralization examined in the Mountain Queen vein. It appears that the host 
structure was again open during Stage II mineralization. Early and middle 
Stage II comprise the vast majority of base-metal sulfide mineralization, 
suggesting that late Stage II was active for a much shorter period of time than 
early and middle Stage II.
No gold minerals were found in the Mountain Queen vein. Production 
records suggest that gold was only a very minor component (Table 2), with only 
82 oz of recorded production. This is equivalent to a grade of only 0.024 oz/ton 
Au, which is significantly less than the 0.164 oz/ton grade reported for the 
Sunnyside mine for 1974 (Casadevall and Ohmoto, 1977). The Mountain 
Queen structure could have been closed off or restricted during the time of gold 
mineralization at the Sunnyside and Gold King mines, and therefore received 
little gold mineralization. Another possibility is that gold mineralization occurs at 
a different level in the vein. Gold mineralization could have been present at a 
higher level, but has been eroded away, or is present at a lower, unexplored 
level of the vein.
Quartz-Rhodochrosite Stage
The last period of mineralization in the Mountain Queen vein is the 
quartz-rhodochrosite stage (Figure 22). This stage is found mainly in the lower
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Figure 25: Chalcopyrite replacing pyrite and sphalerite. Q=quartz, 
S=sphalerite, P=pyrite, C=chalcopyrite. Sample 042, DDH 84-15. Field of 
view = 2 X 1.4 mm.
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portions of the vein, generally below 12,500 feet (3810 m), and no surface 
outcrops of Stage III mineralization occur. The quartz-rhodochrosite stage also 
seems to be less voluminous than the previous stages, accounting for only a 
small percentage of the mineralization that was examined.
Early Stage III contains predominantly rhodochrosite and quartz, as 
irregular, fine-grained intergrowths elongated parallel to the veins (Figure 26). 
Quartz also occurs separately, generally as fine-grained anhedral crystals. 
Sphalerite and galena are disseminated locally throughout the quartz and 
quartz-rhodochrosite intergrowths (Figure 26). Pyrite is also fairly common. 
Fluorite is found in early Stage III mineralization, as are very rare, discrete 
grains of chalcopyrite.
Late Stage III is characterized by vugs lined with drusy quartz crystals. 
Euhedral rhodochrosite crystals up to several millimeters in size are found on 
the quartz in these vugs (Figure 27). The euhedral rhodochrosite crystals were 
the last minerals to form in the Mountain Queen vein . No movement or 
deformation has occurred along the veins since late Stage III, as evidenced by 
the abundant open vugs.
At the Sunnyside mine to the southeast (Figure 6), the manganese 
silicate stage is reported to make up from 5 to more than 50% of the vein 
volume (Casadevall and Ohmoto, 1977). Also, mines along the Sunnyside fault 
have large quantities of manganese minerals (Burbank and Luedke, 1969). 
Large amounts of manganese minerals are relatively rare at the Mountain 
Queen, but very abundant just to the south and east along the Ross Basin and 
Sunnyside faults, suggesting that the Mountain Queen structure may have still
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Figure 26: Early quartz-rhodochrosite mineralization. Alternating ribs of quartz- 
rhodochrosite intergrowths and quartz, with disseminated sphalerite and pyrite. 
Sample 057, DDH 86-1. Scale = 5 cm.
Figure 27: Late quartz-rhodochrosite mineralization. Euhedral rhodochrosite 
crystals on quartz in open vug. Sample 077, DDH 88-1. Scale = 5 cm.
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been restricted during the time of manganese mineralization. Another 
possibility is that manganese was derived from a local source near the 
Sunnyside mine, as suggested by Langston (1978), and was not available in 




In this study, fluid inclusions in quartz, sphalerite, and rhodochrosite were 
examined . Forty three doubly polished sections were prepared of samples 
containing quartz and/or sphalerite. Samples with quartz were chosen so that 
all three stages of mineralization were represented. In addition, five polished 
grain mounts of rhodochrosite crystals from late Stage III mineralization were 
prepared.
Before microthermometric measurements were made, all samples were 
examined to determine the types of fluid inclusions present, and the distribution 
of inclusions. Fluid inclusions in quartz were examined in detail to determine 
the different types of quartz present, and to estimate homogenization 
temperatures (Bodnar and others, 1985). After the survey of fluid inclusion 
petrography, nondestructive microthermometric measurements were made on 
representative samples from all stages of mineralization, as well as from various 
points along the lateral and vertical extent of the Mountain Queen vein.
All microthermometric measurements were carried out on a modified 
U.S.G.S. heating-cooling stage (Roedder, 1984) at the U.S. Geological Survey, 
Branch of Geochemistry, Denver Federal Center, Lakewood, CO. Ice melting 
temperatures (Tm) were measured to estimate the salinities of the fluids within 
the inclusions. Heating experiments were carried out to determine 
homogenization temperatures (Th) and estimate formation temperatures for the
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inclusions. In all, microthermometric measurements were made on over 300 
primary and secondary (or psuedosecondary) inclusions in quartz, sphalerite, 
and rhodochrosite (see Appendix).
Fluid Inclusion Morphology
The fluid inclusions in the Mountain Queen vein range in size from <1 pm 
up to about 100 pm, with rare inclusions >100 pm. The majority of the 
inclusions fall in the 10 to 30 pm range. Inclusions in quartz are very abundant, 
and most inclusions appear to be primary, occurring in distinct growth zones 
(Roedder, 1984). Planes of secondary inclusions occur along healed 
microfractures. In sphalerite, the ratio of primary to secondary inclusions is 
much smaller than in quartz, and the density of inclusions is much less. Most 
inclusions in sphalerite occur along secondary planes, although some isolated, 
primary inclusions are present (Roedder, 1984). Fluid inclusions in 
rhodochrosite are also less abundant than in quartz. Most inclusions in 
rhodochrosite occur along cleavage planes, but are considered to be 
psuedosecondary, rather than secondary, due to their similarity in Th and Tm to 
the rare, isolated primary inclusions.
Two types of fluid inclusions are found in the Mountain Queen vein. The 
first (Type A) is a two-phase, liquid-rich inclusion which generally has a vapor 
bubble of <30% of the total volume of the inclusion (Figure 28A). Type A 
inclusions are found throughout the vein, and are much more abundant than 
Type B inclusions. Type B inclusions are also usually two-phase inclusions, but 
the vapor phase dominates (Figure 28B). Type B inclusions generally contain
Figure 28: Fluid inclusions in quartz. A-Type A, two-phase, liquid-rich 
inclusions. B-Type B, vapor-rich inclusion. Field of view = 0.4 X 0.25 mm.
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>70% vapor, and may contain only vapor. Inclusions of Type B are much more 
restricted in their range, occurring primarily in the higher levels of the vein.
Type A inclusions are found in quartz, sphalerite, and rhodochrosite, while Type 
B inclusions were observed in quartz and sphalerite. No daughter minerals 
were observed in either Type A or Type B inclusions.
Several samples show direct evidence of fluid boiling. Bodnar and 
others (1985) list two possible criteria for evidence of boiling. The first is the 
coexistence of liquid-rich (Type A) and vapor-rich (Type B) inclusions, and the 
second is a secondary plane containing only vapor-rich inclusions. Although 
no evidence of the second type was observed, several samples show Type A 
and Type B inclusions together along the same secondary or pseudosecondary 
plane (Figure 29; see Appendix). This indicates that boiling occurred 
somewhere in the system, either at or below the sample site. No coexisting 
liquid- and vapor-rich inclusions were observed in a primary growth zone, so a 
definite determination of where boiling occurred could not be made. Most of the 
samples that show evidence of boiling occur in Stage III mineralization or 
spatially associated with Stage III veining, suggesting that the boiling occurred 
during quartz-rhodochrosite mineralization.
The distribution of vapor-rich (Type B) inclusions throughout the 
Mountain Queen vein supports the view that boiling occurred during Stage III 
mineralization. Samples of Stage I or Stage II mineralization have only rare 
Type B inclusions, and these are usually secondary, related to "necking down" 
of larger inclusions (Roedder, 1984). Stage III samples, on the other hand, 
contain many more vapor-rich inclusions not related to necking. Also, samples
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Figure 29: Coexisting Type A and Type B fluid inclusions in quartz. Liquid-rich 
and vapor-rich inclusions exist together in the same plane. Field of view = 0.4 X 
0.25 mm.
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of Stages I and II mineralization that do show increased numbers of Type B 
inclusions are usually cut by, or are adjacent to, Stage III veining.
Samples were examined to identify the different types of quartz present. 
Four different types of quartz were observed, based upon the discussion of fluid 
inclusion morphology in epithermal systems by Bodnar and others (1985).
Type I quartz contains fluid inclusions which are randomly distributed 
throughout the crystal, and are very abundant (Figure 30). The inclusions are 
generally fairly regular in shape, with some having a negative crystal shape.
The liquid to vapor volumetric phase ratios within the inclusions are very 
consistent. These observations lead to an estimation of Th >250°C, based 
upon the work of Bodnar and others (1985). Type I quartz is coarse-grained, 
and subhedral to euhedral. Stage I mineralization contains the bulk of Type I 
quartz.
Type II quartz contains abundant, irregular fluid inclusions which radiate 
outward from the center of the quartz crystal, and are perpendicular to the 
crystal faces (Figure 31). These inclusions define growth zones within the 
quartz crystal. The liquid to vapor volumetric phase ratios within these 
inclusions are also very consistent, and these inclusions are estimated to 
homogenize at temperatures >230°C (Bodnar and others, 1985). Type II quartz 
is common for larger, euhedral crystals, and is primarily associated with early 
and middle Stage II mineralization.
Type III quartz has radiating fluid inclusions similar to Type II, although 
the textures are usually not as well developed. Quartz of this type is usually 




Figure 30: Fluid inclusions in Type I quartz. A-Abundant inclusions randomly 
distributed throughout the quartz crystal. Field of view = 1.2 X 0.8 mm. B- 
Enlargement of A showing inclusions with consistent liquid to vapor volumetric 




Figure 31: Fluid inclusions in Type II quartz. A-Fluid inclusions arranged 
radially around the center of quartz crystal with inclusions elongated 
perpendicular to crystal face and defining growth zone. Field of view = 2.9 X 2 
mm. B-Enlargement of A showing stringy, irregular inclusions with consistent 
liquid to vapor volumetric phase ratios. Field of view = 0.4 X 0.25 mm.
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shape. Most areas show fairly inconsistent liquid to vapor volumetric phase 
ratios among the inclusions, although locally, liquid to vapor ratios are 
consistent. Homogenization temperatures for inclusions in Type III quartz are 
estimated at 200° to 230°C (Bodnar and others, 1985). Type III quartz is found 
in all three stages of mineralization.
The last type of quartz found in the Mountain Queen vein is fine-grained, 
anhedral quartz which is found in all stages of mineralization and in all of the 
samples examined. Type IV quartz contains only rare inclusions, and these are 
usually very small and unsuitable for microthermometric measurements. 
Inclusions in Type IV quartz are estimated to homogenize at temperatures 
<200°C (Bodnar and others, 1985).
Homogenization Temperatures
Homogenization temperatures were measured on over 240 primary and 
psuedosecondary, Type A fluid inclusions from 16 samples throughout the 
Mountain Queen vein (see Appendix). The accuracy of the homogenization 
temperatures is estimated to be <1.2°C, based upon homogenization of 
synthetic fluid inclusions provided by SYNFLINC. The synthetic inclusions 
contain pure H2O with critical fill, and should homogenize at 374.1°C (Sterner 
and Bodnar, 1984). All samples tested homogenized within ±1.2°C of 374.1 °C. 
The uncertainty in the homogenization temperatures is estimated to be ±2°C, 
based upon duplicate runs on inclusions from several samples. All samples 
homogenized to the liquid phase. Samples were chosen to be representative 
of each stage of mineralization.
T-4199 86
Quartz-pyrite stage mineralization contains all four types of quartz, and 
deposition is estimated to have occurred in a temperature interval from >250° to 
<200°C. Pyrite in Stage I, however, is primarily associated with Type I quartz. 
Therefore, Th measurements were made primarily on samples containing this 
type. Th for Stage I inclusions ranges from 213° to 318°C, with a distinct peak 
at 270° to 275°C (Figure 32). The average Th value for Stage I inclusions is 
269°C, with a standard deviation (SD) of 21.3°C. The standard deviation for 
Stage I is fairly high due to the low values for one run from Sample MQ-9 
(average Th = 227.8°C; Appendix). These values are from inclusions in Type III 
quartz, and are assumed to have formed during cooling in the system. The 
standard deviation for Stage I would be 14.7°C without this sample.
Base-metal sulfide mineralization also contains several varieties of 
quartz. Type II quartz is most abundant in early and middle Stage II 
mineralization. Type III quartz is present in many Stage II samples, and Type IV 
quartz is present in all Stage II samples. Th measurements were made on 
inclusions in Type II quartz associated with early sphalerite to evaluate the 
temperatures of early Stage II fluids. Measurements were also made on 
inclusions in one early Stage II sphalerite crystal. To assess middle Stage II 
mineralizing fluids, inclusions from Type II quartz were measured. In addition, 
one sample of middle Stage II sphalerite was found suitable for measurements.
The results of Th measurements for early Stage II mineralization are 
shown in Figure 32. Inclusions in early Stage II quartz (Type II) have Th ranging 
from 250° to 300°C, with a peak at 275° to 285°C. The average value for early 
Stage II Th is 275°C (SD=14.4°C). Primary sphalerite inclusions, though few in
T-4199 87
10 L a t e  S t a g e  
N = 3 0
■  Q u a r t z  
□  S p h a l e r i t e  
M  R h o d o c h r o s i t e
T  F - r ^ - F l -
1 5 C f  2 0 0 °
E a r l y  S t a g e  I I I  
I  N = 4 1
i—i—i—Fn—i—i—r
1 5 0 °  2 0 0 °
i i r j  
25(f
1—I—T 
3 0 0 P
2 5 0 ° 3 0 0 °
-O
Ez>
M i d d l e  S t a g e  II 
N = 5 0
10
“ I— I— I— I— I— I— I— I— I— T 
15Cf 200°
E a r l y  S t a g e
2 5 0 ' 3 0 0 °
N = 5 0
1 5 0 °
"I— I— I— I— I— T 
200°
1—T
2 5 0 * 3 0 0 “
10
S t a g e
N = 6 2
150
1— I— I— I 
200° 250 300s
T h  ( ° C )
Figure 32: Histogram of fluid inclusion homogenization temperatures.
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number, show a slightly lower range, from 250° to 280°C. Fluid inclusions in 
middle Stage II minerals have somewhat higher Th than early Stage II (Figure 
32). Th range from 250° to 320°C, with an average of 291 °C (SD=15.5°C).
Stage III mineralization contains quartz and rhodochrosite crystals which 
were suitable for fluid inclusion measurements. Th measurements were made 
on inclusions in quartz from early Stage III, and on inclusions from 
rhodochrosite and one quartz sample from late Stage III. Measurements for 
early Stage III were completed on inclusions in Type II quartz, since this type 
predominates. The quartz-rhodochrosite intergrowths were too fine-grained for 
fluid inclusion measurements. Results for Stage III homogenization 
temperatures are shown in Figure 32.
Fluid inclusions in Type II quartz from early Stage III show fairly high Th, 
but the range is broad, with no distinct peak. Th ranges from 240° to 315°C, 
with a standard deviation of 24.5°C. Late rhodochrosite and quartz, on the 
other hand, have distinctly lower Th values, with a well defined peak between 
215° and 230°C. Only rare measurements fall outside of this range.
Ice Melting Temperatures and Salinities 
Ice melting temperatures were measured on over 150 primary and 
psuedosecondary, Type A inclusions throughout the Mountain Queen vein (see 
Appendix). The accuracy of the ice melting temperatures is estimated to be 
<0.2°C, based upon measurements of synthetic fluid inclusions provided by 
SYNFLINC. Inclusions containing pure H2O should have Tm of 0.0°C, while 
CO2-H2O inclusions should show melting of solid CO2 at -56.6°C (Sterner and
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Bodnar, 1984). Pure H2O inclusions had Tm of -0.1° or 0.0°C, while CO2-H2O 
inclusions showed CO2 melting at -56.6°C ±0.2°C. The uncertainty in the Tm 
data is estimated to be ±0.2°C, based upon duplicate runs on inclusions from 
several samples. The samples tested were the same ones used for Th 
determinations, and include fluid inclusions in quartz, sphalerite, and 
rhodochrosite. The results of Tm measurements are tabulated in the Appendix. 
Salinity results are summarized in Figure 33. Salinity results are reported in 
weight % NaCI equivalent, and were calculated from the equations of Potter 
and others (1979).
Fluid inclusions from Stage I quartz show uniformly low Tm, between 
0.0° and -0.9°C, corresponding to salinities of <1.5 wt % NaCI equivalent 
(Figure 33). Only one inclusion falls outside of this range, with a salinity of 2.4 
wt % NaCI equivalent (Tm = -1.4°C). The average salinity for Stage I fluid 
inclusions is 0.5 wt % NaCI equivalent (SD=0.5 wt % NaCI equivalent).
Early Stage II fluid inclusions have ice melting temperatures that range 
from -0.2° to -2.8°C, corresponding to salinities of 0.4 to 4.6 wt % NaCI 
equivalent (Figure 33). The values are spread out, and average 2.2 wt % NaCI 
equivalent (SD=1.1 wt % NaCI equivalent). Inclusions in middle Stage II have a 
more restricted range. Ice melting temperatures range from -0.2° to -1.7°C, 
corresponding to 0.4 to 2.9 wt % NaCI equivalent (Figure 33). The average 
salinity of 1.3 wt % NaCI equivalent (SD=0.4 wt % NaCI equivalent) is also 
lower than in early Stage II.
Salinities in fluid inclusions in quartz from early Stage III mineralization 
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salinities of 0.5 to 6.9 wt % NaCI equivalent. The values are spread fairly 
evenly across the range (SD=2.1 wt % NaCI equivalent), and no grouping is 
apparent. Inclusions in late Stage III rhodochrosite and quartz are less saline, 
with all values falling below 1.4 wt % NaCI equivalent (Figure 33). The average 
salinity for late Stage III inclusions is 0.4 wt % NaCI equivalent (SD=0.4 wt % 
NaCI equivalent).
Discussion of Fluid Inclusion Results
The fluid inclusion data provide valuable information for interpreting the 
mineralization history in the Mountain Queen vein. Fluid inclusion 
morphologies in quartz give an indication of the temperatures at which the 
quartz formed. Microthermometric measurements can then be used to more 
precisely determine the thermal history of the veins, as well as the salinity of the 
mineralizing fluids.
To estimate the actual temperature of mineralization (trapping 
temperature-Tf) from the measured homogenization temperatures for fluid
inclusions, the pressure on the fluid must be known or estimated (Roedder, 
1984). A pressure correction (correction of temperature data based upon the 
estimated pressure) can then be added to the homogenization temperatures. 
The only exception to this would be when there is direct evidence that boiling 
has occurred in the system. In the case of boiling, the relationship of Th to Tt 
will vary depending on the relative proportions of liquid and vapor trapped by 
the inclusions (Roedder, 1984; Bodnar and others, 1985). A fluid inclusion 
trapping only liquid during boiling will have Th = Tt. For an inclusion trapping
T-4199 92
only vapor during boiling, Th = Tt. Inclusions which trap both liquid and vapor 
will have incorrect Th values, with Th > Tt. In this case, the correct value for Th 
(and Tt) will be the lowest value, from the inclusion assumed to have trapped 
the smallest amount of vapor.
Casadevall and Ohmoto (1977) state that a volcanic cover of more than 
2000 m (6561 ft) was unlikely in the area, based upon geologic reconstructions, 
indicating that pressure on the fluid was probably less than 220 bars. A 
pressure correction of 15°C would be needed for a pressure of 220 bars 
(Potter, 1977). Because of the small magnitude of the correction relative to the 
possible error (±2°) and the spread in the data (greater than ±20°C around the 
average value for each stage), no pressure correction was applied to the 
homogenization data for Stages I and II. Also, since boiling is evident during 
quartz-rhodochrosite mineralization, no pressure correction is needed for Stage
III homogenization data.
Stage I mineralization occurred over a range of temperatures, from 
around 320° down to below 200°C. Mineralization began with early deposition 
of Type I quartz. Fluid inclusion homogenization temperatures indicate that the 
early Type I quartz formed primarily in the 250° to 320°C range, with most 
temperatures around 270°C (Figure 32). Pyrite is associated mainly with Type I 
quartz, and was therefore deposited at 270°C. The presence of Types II, III, and
IV quartz in the Stage I veins suggests that the fluids cooled before the end of 
this period of mineralization, although the large amount of Type I quartz 
suggests that most quartz deposition occurred near 270°C. Ice melting 
temperatures from fluid inclusions indicate that Stage I fluids were fairly dilute,
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with salinities <1.5 wt % NaCI equivalent (Figure 33). These dilute fluids 
persisted in the veins as the system cooled.
Stage II mineralization also took place over a range of temperatures from 
320° to below 200°C. Early Stage II mineralization began with quartz 
deposition (predominantly Type II quartz), followed by sphalerite and galena in 
the vugs. Homogenization temperatures indicate that early Stage II quartz was 
deposited from 250° to 300°C, with most deposition around 280°C (Figure 32). 
Early sphalerite was deposited over a similar range of temperatures. The 
salinity of the early Stage II fluids ranges from 0 to 5 wt % NaCI equivalent and 
averages 2.2 wt % NaCI equivalent, somewhat higher than the Stage I fluids 
(Figure 33).
Middle Stage II mineralization shows an increase in temperature over 
early Stage II. Type II quartz continued to be deposited, but with a change from 
discrete sphalerite and galena crystals to fine-grained sphalerite-galena 
intergrowths. Homogenization temperatures vary from 250° to 320°C, with an 
average of 290°C (Figure 32). The salinity of middle Stage II fluids was more 
restricted, with an average of 1.3 wt % NaCI equivalent (Figure 33). Types III 
and IV quartz in the veins suggest that the fluids again cooled at the end of 
Stage II. It was probably during this cooling period when late Stage II 
chalcopyrite replacement occurred.
The samples from early Stage III mineralization that show wide 
temperature and salinity ranges (Samples 005, 039, 057, 066; Appendix) are 
associated with abundant vapor-rich inclusions. Two of these samples (039 
and 057) have Type A inclusions together with Type B inclusions in the same
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plane. Boiling occurred to produce these groups of coexisting liquid- and 
vapor-rich inclusions. Th measurements are somewhat spread out, between 
240° and 315°C. Boiling took place at 240° to 250°C, with higher Th caused 
by trapping of various amounts of vapor with the liquid. The wide salinity range 
(from 0.4 to 6.9 wt % NaCI equivalent) is also the result of boiling. As the fluid 
boiled, higher salinities resulted due to increased solutes as part of the liquid 
was converted to vapor (Sawkins, 1964; Slack, 1980).
A similar situation was observed in Sample MQ-24 (see Appendix). A 
secondary plane of Type A and Type B inclusions cuts across a sphalerite 
crystal of early Stage II. The Type A inclusions have very consistent liquid to 
vapor ratios. Th measurements on the secondary, liquid-rich inclusions range 
from 254° to 254.7°C, indicating that boiling occurred at 254°C, with only liquid 
being trapped in the Type A inclusions. This temperature is similar to that of the 
boiling in the Stage III samples. Again, salinities may have been elevated by 
the boiling of the fluid. Salinities range from 13 to 16 wt % NaCI equivalent in 
these inclusions (see Appendix). Another plane of secondary inclusions in the 
same crystal shows different behavior. The liquid to vapor ratios are less 
consistent, and Th measurements range from 260° to 290°C. Salinities are 
again high, from 12 to 15 wt % NaCI equivalent. Here, boiling was also 
occurring at 254°C, but some vapor was trapped with the liquid in the 
inclusions. Although these secondary inclusions are found in Stage II 
sphalerite, it is postulated that they were formed later by early Stage III fluids.
Late Stage III formed at lower temperatures, from nonboiling fluids. The 
late quartz-rhodochrosite mineralization formed from 215° to 230°C (Figure
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32), indicating a cooling between early and late stage mineralization. The 
presence of Types III and IV quartz suggests cooling below the temperature of 
the late rhodochrosite and quartz, to some temperature below 200°C. This 
cooling is expected since Stage III is the last period of mineralization in the vein, 
and occurred as the hydrothermal system was cooling. Salinities of the fluids 
are also evidence of a waning hydrothermal system. Late Stage III salinities 
are <1.5 wt % NaCI equivalent (Figure 33). As the hydrothermal circulation 
system declined, more cool meteoric water became involved, resulting in 
decreased temperatures and a decrease in the salinity of the fluids.
The pressure on the fluids was probably similar during Stages I and II, 
but was considerably different during Stage III, when boiling appears to have 
occurred. The open nature of the veining, with growth of euhedral quartz 
crystals into open cavities during all three stages, suggests that pressure was 
hydrostatic. A minimum pressure can be estimated for the nonboiling Stage I 
and Stage II fluids, while a maximum pressure can be determined for the boiling 
fluids of Stage III.
During Stage I mineralization, the average Th is 269°C. For a solution 
with a salinity of 0.5 wt % NaCI equivalent, the minimum pressure necessary to 
prevent boiling at 269°C is approximately 55 bars (Haas, 1971). This 
corresponds to a minimum depth of 2165 ft (660 m) on a fluid with a density of 
0.77 g/cm3, assuming hydrostatic pressure conditions.
Stage II mineralization has somewhat higher salinities, which results in a 
lower pressure needed to prevent boiling. The average Th during early Stage II 
is 275°C. For a solution with a salinity of 2.2 wt % NaCI equivalent, the
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minimum pressure necessary to prevent boiling at 275°C is approximately 59 
bars (Haas, 1971). A minimum depth of 2297 ft (700 m) on a fluid with a 0.78 
g/cm3 density is therefore needed. Again, conditions are assumed to be 
hydrostatic.
Middle Stage II mineralization has an average Th of 291 °C. A fluid with 
a salinity of 1.3 wt % NaCI equivalent at 291 °C would require a minimum 
pressure of 74 bars (Haas, 1971). This corresponds to a minimum depth of 
2953 ft (900 m) on a fluid with a density of 0.75 g/cm3 under hydrostatic 
conditions.
During Stage III mineralization, boiling is estimated to have occurred at 
about 250°C under hydrostatic conditions. For a fluid with a salinity of 2.5 wt % 
NaCI equivalent and boiling at 250°C, a fluid pressure of 39 bars is obtained 
(Haas, 1971). A fluid density of 0.83 g/cm3 with a pressure of 39 bars translates 
into a depth of about 1460 ft (445 m).
Because boiling is assumed to have occurred during Stage III 
mineralization, the pressure and depth estimates are maximum values, rather 
than minimums as calculated for Stages I and II. During Stage I mineralization, 
fluid pressure was at least 55 bars, suggesting the volcanic cover to be at least 
2165 ft (660 m) thick. Stage II mineralization provides two pressure estimates. 
Since the values are minimums, the highest one should be used. Late Stage II 
mineralization had a pressure of at least 74 bars, suggesting a volcanic cover of 
at least 2953 ft (900 m). Since the pressure estimates for Stages I and II are 
minimums, no estimate can be made on the true difference in depth between 
the first two stages. Stage III mineralization, with boiling most likely occurring,
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had a fluid pressure of 39 bars and a volcanic cover of 1460 ft (445 m).
Between Stages II and III, then, there was a difference of at least 1493 ft (455 m) 
in the thickness of the volcanic rocks overlying mineralization.
Hedenquist and Henley (1985) summarize the effects of CO2 on freezing 
point measurements in epithermal systems. A small amount of CO2 in the fluids 
can cause significant errors in calculating the salinity of the fluids, so knowing 
the CO2 content of the fluids is important. No evidence of CO2 was found in 
any of the fluid inclusions examined in the Mountain Queen vein. "Double 
bubbles," indicating the presence of gaseous CO2 at room temperature, were 
not observed. Also, no CO2 clathrates were observed during freezing runs. 
Casadevall and Ohmoto (1977) analyzed fluid inclusions from the nearby 
Sunnyside mine for gas content, and found CO2 to be a very minor constituent. 
The CO2 in the Sunnyside inclusions was less than 0.20 molal in all cases. 
Therefore, CO2 is considered to be a very minor component of the Mountain 
Queen fluids (probably also less than 0.20 molal), if present at all. This much 
CO2 would have no significant affect on the calculated salinities, or on the 
calculated fluid pressures (Casadevall and Ohmoto, 1977).
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GENETIC MODEL
The mineralogic and fluid inclusion data from the Mountain Queen vein 
suggest that the three main stages of mineralization were formed by fluids of 
different compositions. Each stage has a fairly distinct salinity range (Figure 
32), suggesting a fundamental difference in fluid composition. The mineralogy 
of each stage is different from the other two stages, again suggesting a 
difference in the compositions of the mineralizing fluids. Langston (1978), in his 
work at the Sunnyside mine, also stated that fluid changes had to have taken 
place to produce the different stages observed there.
Fluid inclusions in quartz show distinct morphological differences, 
especially between Stages I and II. Type I quartz, which is found almost 
exclusively in quartz-pyrite mineralization, has very abundant fluid inclusions 
distributed randomly through the crystals (Figure 29). These inclusions 
generally are very regular in shape. In contrast, Type II quartz, which occurs in 
abundance in base-metal sulfide mineralization, has inclusions with irregular 
shapes which occur in well defined growth zones (Figure 30). These 
morphological differences in fluid inclusions also suggest a difference in the 
fluids.
The three stages of mineralization may have been separated by fairly 
long periods of time. The morphologies of fluid inclusions in quartz suggest that 
all three stages of mineralization occurred over a broad temperature range.
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Stages I and II had maximum temperatures near 320°C, but cooled down to 
<200°C before the next period of mineralization began. This suggests that the 
intrusion assumed to be the heat source for the hydrothermal circulation system 
was cooling down. The beginning of a new stage of mineralization could have 
been caused by either new magma injected into the old intrusion to rejuvenate 
the system, or the intrusion of a new igneous body to create a new hydrothermal 
system.
The apparent thickness of volcanic cover for each stage also suggests 
that significant time may elapsed, especially between Stages II and III. Stages I 
and II have similar depth estimates, suggesting that they occurred close 
together in time, with little erosion between them. Since the estimates are both 
minimums, however, this is not certain. For Stages II and III, the difference in 
estimated volcanic cover is 1493 ft (455 m). At a rate of erosion of 10 in/1000 
years (25 cm/1000 years), at least 1.8 m.y. would have passed between Stages 
II and III. This time estimate is conservative, considering the rate of erosion 
estimated by Casadevall and Ohmoto (1977), which was 2 cm/1000 years for 
the last 16.6 to 13 m.y. This rate would give an estimate of 22.8 m.y. between 
Stages II and III.
The theory that the different stages of mineralization may be temporally 
separated may be true not only in the Mountain Queen vein, but throughout the 
district. In the Sunnyside mine, Langston (1978) identifies events of intense, 
widespread brecciation. The brecciation events occur between the pyrite- 
quartz and banded sulfide stages (equivalent to between Stages I and II at the 
Mountain Queen), and several times between the massive sulfide stage and the
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rhodochrosite stage (equivalent to between Stages II and III at the Mountain 
Queen). These brecciation events could represent periods of time during which 
hydrothermal circulation was low or did not occur, and other geologic forces 
were dominant in the district.
In the Lake City district, Slack (1980) identifies two distinct mineral suites; 
a quartz-base metal assemblage, and a barite-precious metal assemblage. 
These two assemblages were produced by two separate hydrothermal systems 
related to different intrusive events around the margin of the Lake City caldera. 
Throughout the western San Juan caldera complex, ages of igneous intrusion 
and mineralization span a wide range (Lipman and others, 1976). These dates 
represent just a small sampling of the intrusions and mineral occurrences in the 
region. With such a complex history of intrusion and mineralization in the area, 
the possibility of several hydrothermal events producing the ores of the 
Mountain Queen vein, and other mines in the Eureka district, is a reasonable 
proposition.
Source of Constituents
Identification of the source of the various components of the hydrothermal 
fluids that formed the deposit is important in developing a model for 
mineralization. Sources for the sulfur, chloride, metals, and water in the 
hydrothermal fluids are needed to put together a coherent genetic model. 
Because many of the analyses needed to determine the source(s) of the 
constituents are beyond the scope of this study, much of the following 
discussion will be taken from the nearby Sunnyside mine (Casadevall and
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Ohmoto, 1977), and extrapolated to the mineralogically and texturally similar 
Mountain Queen vein.
Sulfur
Casadevall and Ohmoto (1977) suggest three possible sources for sulfur 
in the region: magmatic emanations, leaching of sulfide minerals from volcanic 
rocks, and leaching of sulfate minerals from evaporites. Based upon sulfur 
isotope data, the first two possibilities were ruled out. The sulfur source for the 
ore minerals was determined to be leaching from evaporite sequences within 
the Tertiary and younger sedimentary rocks underlying the volcanic rocks of the 
volcanic field (Casadevall and Ohmoto, 1977).
Examination of local sedimentary sequences, however, shows little or no 
evaporites present in the region (Larson and Cross, 1956; Luedke and 
Burbank, 1962; Fischer and others, 1968; Steven and others, 1974a). Although 
evaporites are very abundant in the Paradox basin to the west, they give way to 
sandstones and limestones near the western margin of the volcanic field (De 
Voto, 1980). Thus, evaporites seem a poor choice as a sulfur source for the 
Sunnyside veins, and by association, the Mountain Queen. A more likely 
candidate, which seems to have been inadequately tested by Casadevall and 
Ohmoto (1977), is leaching of sulfide minerals from volcanic rocks. More 
isotope work needs to be done to examine this possibility.
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Chloride
The Cl" in the NaCI-H2 0  fluids from the Sunnyside was also believed to 
come partly from solution of underlying evaporite beds (Casadevall and 
Ohmoto, 1977). Due to the lack of evaporites in the region, however, this seems 
an unlikely source. Leaching from the volcanic rocks could be another 
possibility, but volcanic rocks would probably be stripped of available Cl" early 
during hydrothermal circulation (Casadevall and Ohmoto, 1977).
Another possibility is that salts were provided from magmatic solutions. 
Solutions derived from a cooling magma can have significant salinities, such as 
those found in fluid inclusions from porphyry copper deposits (typically >35 wt 
% NaCI equivalent; Roedder, 1984). The addition of even a small amount of 
magmatic water to the circulating hydrothermal fluid could produce the salinities 
seen in the Mountain Queen vein, and at the Sunnyside. It is suggested that the 
chloride in the Mountain Queen fluids was derived from magmatic waters.
Metals
Lead isotopes in galena from the Sunnyside mine were examined by 
Doe and others (1979). They suggest that the lead in the Sunnyside ores was 
provided by a hidden intrusive body which underlies the area. This conclusion 
is based upon the fact that the lead ores contain relatively nonradiogenic ore 
lead, similar to that in intrusions along the northwest margin of the the San Juan 
and Uncompahgre calderas. If lead were leached from the Tertiary volcanic 
rocks and the Precambrian basement, as suggested by Casadevall and 
Ohmoto (1977), more radiogenic lead would be expected (Doe and others,
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1979). Thus, lead in galena from the base-metal sulfide mineralization at the 
Sunnyside mine, and by association, at the Mountain Queen, may have been 
derived from a buried intrusion.
Strontium isotope data from Stage VI mineralization at the Sunnyside 
mine (Casadevall and Ohmoto, 1977) suggests that strontium in late gangue 
minerals was from a different source. Strontium isotope compositions of the 
gangue minerals are slightly more radiogenic than the Tertiary volcanic rocks. 
Precambrian basement rocks in the region have higher strontium isotope 
values. Casadevall and Ohmoto (1977) suggest that the strontium in the fluids 
is the result of leaching both the Precambrian basement and the Tertiary 
volcanic rocks. The results for this late stage are incorrectly extrapolated to the 
earlier stages at the Sunnyside. The late stage fluids (Stage III at the Mountain 
Queen) derived metals from the Tertiary volcanic rocks and the Precambrian 
basement, but earlier fluids (base-metal sulfides, at least) derived components 
from an intrusion, as the lead isotope evidence indicates (Doe and others, 
1979).
Water
Casadevall and Ohmoto (1977) measured hydrogen and oxygen isotope 
values on fluids in inclusions and minerals from all stages of mineralization at 
the Sunnyside mine. These isotope values are plotted in Figure 34. Stage VI 
fluids lie very close to the meteoric water line, with only a slight oxygen isotope 
shift, due to reaction with the wall rocks (Field and Fifarek, 1985). These late
T-4199 104














18 -14 -10 -2 +2 +6 +106
d18 O (%>)
Figure 34: Hydrogen isotope versus oxygen isotope composition 
diagram for the Sunnyside mine. Ore fluids are displayed relative 
to "primary magmatic water" and the meteoric water line. Stages 
l-V correspond to Stages I and II and Stage VI corresponds to 
Stage III in the Mountain Queen vein. Modified from Casadevall 
and Ohmoto (1977).
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stage fluids, equivalent to Stage III fluids in the Mountain Queen vein, were 
primarily meteoric water.
Fluids from earlier stages are farther from the meteoric water line, and 
show a much wider 3D range (Figure 34). The wide range in hydrogen isotope 
values, as well as the increased distance from the meteoric water line, suggest 
some other component besides meteoric water. Some component of magmatic 
water was probably present, shifting the isotope values towards the primary 
magmatic water box (Figure 34).
Model
From the above information on source of components in the ore-forming 
fluids, along with mineralogic and fluid inclusion information, a model for 
mineralization in the Mountain Queen vein can be developed. Two models for 
mineralization at the nearby Sunnyside mine have been proposed (Casadevall 
and Ohmoto, 1977; Langston, 1978). The first model, proposed by Casadevall 
and Ohmoto (1977), suggests "through flow" of meteoric fluids from the south, 
along the structures of the Eureka graben. The problem with this model is that a 
single, relatively constant fluid would have to be responsible for generating all 
of the significantly different ore stages at the Sunnyside mine (Table 2). The 
model of Langston (1978) is more realistic in that it proposes that two fluids are 
responsible for mineralization. The two fluids mix, and the relative abundance 
of each fluid controls the composition for each stage of mineralization. A model 
similar to Langston's (1978) is proposed for the Mountain Queen vein.
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The first fluid operating in the Mountain Queen vein had a relatively low 
salinity, and may have an origin similar to the fluid proposed by Casadevall and 
Ohmoto (1977). This fluid was probably of meteoric origin, and leached 
components from the local rock sequence (Precambrian basement, Tertiary 
volcanic rocks, and possibly sedimentary rocks). The second fluid had a higher 
salinity, and may have had a magmatic component. These two fluids combined 
to form the three stages of mineralization in the Mountain Queen vein. Although 
magmatic fluids are generally not thought to play a large role in epithermal 
mineral deposits, their presence cannot be entirely ruled out (Hayba and others, 
1985; Heald and others, 1987).
Quartz-pyrite mineralization is the earliest event in the Mountain Queen 
vein. This stage, equivalent to the pyrite-quartz stage at the Sunnyside mine, 
was deposited from fairly dilute fluids (generally <1.5 wt % NaCI equivalent; 
Figure 32). The fluids of Stage I were primarily from the low salinity waters. It is 
likely that the high salinity fluid had only a small, if any, input to Stage I 
mineralization. Some magmatic influence is suggested at the Sunnyside mine 
by the shift in isotope values of the fluids towards the magmatic water field 
(Figure 34), and a similar situation is thought to exist for the Mountain Queen 
vein.
During Stage I mineralization, pyrite was deposited near the peak of 
hydrothermal activity, at 270°C (Figure 31). After pyrite deposition, the 
hydrothermal system cooled down, while still depositing quartz. The system 
cooled down to below 200°C, and may have shut down completely.
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Base-metal sulfide mineralization began with either rejuvenation of the 
older hydrothermal system or initiation of a new hydrothermal system by 
intrusion of a new pulse of magma into the subsurface. The fluids of the base- 
metal sulfide stage had a higher proportion of high salinity fluids, as shown by 
higher fluid inclusion salinities (up to 5 wt % NaCI equivalent; Figure 32). Lead 
isotope data on equivalent mineralization at the Sunnyside mine suggests a 
magmatic component (Doe and others, 1979). Also, hydrogen and oxygen 
isotope values from the Sunnyside mine suggest some magmatic component to 
the waters (Figure 34), and this is also thought to be true for the Mountain 
Queen.
The majority of the base-metal sulfides of Stage II were deposited in two 
substages. Early Stage II consisted of quartz with sphalerite and galena 
crystals in vugs. Early Stage II was deposited primarily around 270°C (Figure 
31). Middle Stage II contains sphalerite-galena intergrowths, which were 
deposited around 290°C (Figure 31). Late Stage III consists of chalcopyrite 
replacing earlier sulfides, probably as the hydrothermal system began to cool. 
Quartz was deposited down to temperatures <200°C. A change in the stress 
regime in the region occurring at this time may have closed or restricted the 
Mountain Queen structure, so that the next two mineralization events in the 
area, gold mineralization and manganese silicates, did not occur there.
Another possibility is that these stages are or were present in the Mountain 
Queen vein, but at lower levels than present exploration has examined, or at a 
higher, eroded level.
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After some unknown time interval, mineralization again began in the 
Mountain Queen vein. Quartz-rhodochrosite mineralization appears to have 
been formed primarily from the lower salinity fluids. This stage is equivalent to 
Casadevall and Ohmoto's (1977) Stage VI. Hydrogen and oxygen isotope data 
suggest that Stage VI fluids at the Sunnyside had less magmatic influence, if 
any, than the earlier fluids (Figure 34). Also, strontium isotopes suggest a 
nonmagmatic source for the Sunnyside fluids (Casadevall and Ohmoto, 1977).
Fluids during early Stage III in the Mountain Queen vein were boiling at 
250°C, with salinities around 2 wt % NaCI equivalent. Late fluids were less 
saline and of lower temperatures (Figures 31 & 32), indicating that the 
hydrothermal system was declining as cooler ground water began to flush the 
system. Since the end of Stage III mineralization, no hydrothermal activity has 
occurred in the Mountain Queen vein.
The age of each of the mineralizing events in the Mountain Queen vein is 
unknown, although some generalizations can be made. Casadevall and 
Ohmoto (1977) date the mineralization at the Sunnyside mine at 16.6 to 13 Ma, 
based upon Rb/Sr isotope data from altered wall rocks. This age represents the 
youngest altering (and mineralizing) event, and corresponds to Stage VI 
mineralization at the Sunnyside mine (Casadevall and Ohmoto, 1977). This is 
equivalent to Stage III in the Mountain Queen vein. Therefore, late stage 
mineralization at the Mountain Queen is believed to have occurred between 
16.6 and 13 Ma.
Ages for igneous intrusion in the region are widely scattered, from 25.9 to 
11 Ma (Lipman and others, 1976; Ringrose and others, 1981), as are ages for
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mineralization and alteration. The ages of intrusion tend to fall into distinct 
groups, but may represent partial sampling of more continuous intrusive activity 
(Lipman and others, 1976). Ages of mineralizing and altering events in the 
region appear to be somewhat more continuous, from 25.0 to 10 Ma, but some 
gaps do exist (Lipman and others, 1976; Jackson and others, 1980; Ringrose 
and others, 1981; Gilzean and Brimhall, 1987; Eberl and others, 1987). Quartz- 
pyrite and base-metal sulfide mineralization at the Mountain Queen mine could 
be associated with any of these ages. More work needs to be done to pinpoint 




Burbank and Luedke (1969) identify vein splits, changes in strike, and 
changes in dip as the most important factors in the localization of ore in the 
Eureka district. Past production from the Mountain Queen mine came mainly 
from the area in California Gulch where the vein changes strike from N45°E to 
E-W. It is in this area where the vein changes dip from 45°SE in Ross Basin to 
60° or 70°S in California Gulch. The change in strike and change in dip 
combine to form a silver-rich ore shoot which averaged over 18 oz/ton silver, 
and over 25% base-metals (Table 1).
In Ross Basin, where the Mountain Queen-Ross Basin upper adit is 
driven close to the other change in strike of the vein (Figure 4), several channel 
samples indicate the possibility of another ore shoot. Larson and Padoris 
(1984) report channel samples containing 11 and 24.5 oz/ton Ag, with gold 
grades around 0.025 oz/ton. These grades are similar to grades from the 
historic mining in California Gulch (Table 2), and occur just southwest of the 
change in strike. The elevation there (12,800 ft) is only slightly above that at the 
shaft in California Gulch (12,700 ft). It is possible that an ore shoot similar to the 
one mined in California Gulch is present at the change in strike in Ross Basin.
The vein intercept in diamond drill hole 86-2 (Figure 19A) indicates that 
the mined ore shoot in California Gulch ends within 400 ft of the surface. The
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low grades across the intercept indicate that the ore shoot pinches out above 
that level (Table 4). This is also supported by the fact that the shaft was only 
400 ft deep (Hazen, 1949). A similar situation may exist in Ross Basin. Drill 
hole 84-15 intersects the vein directly below the change in strike, but shows low 
grades across the intercept (Table 4). If an ore shoot does exist at the change 
in strike in Ross Basin, it bottoms out above the 84-15 intercept, within about 
600 ft of the surface. This seems likely, since similar ore shoots, formed by the 
same fluids in similar structures, would probably occur at the same levels.
Another possibility for an ore shoot occurs in the area of diamond drill 
hole 84-19. There, the lower vein intercept averages 8 oz/ton Ag and 0.016 
oz/ton Au (Figures 19B; Table 4), with smaller intervals within the zone showing 
considerably higher grades. Larson and Padoris (1984) report silver grades in 
the adit above (Mountain Queen adit) that average greater than 6 oz/ton for over 
400 ft of strike length. This projected ore shoot occurs in the lower vein in 
California Gulch. The partial intercept of the lower vein in drill hole 86-1 
(Figures 19D; Table 4) suggests that the possible ore shoot may extend at least 
to that point.
Both of the possible ore shoots discussed above are silver-rich shoots, 
with only minor gold. Although little evidence for gold was found in the 
Mountain Queen vein at the explored levels, the possibility for gold 
mineralization still exists. In the nearby Sunnyside mine, a rough vertical 
zonation exists, with a high grade silver zone above a high grade gold zone, 
with base-metals below (Larson and Padoris, 1984). Casadevall and Ohmoto 
(1977) indicate that the majority of the gold in the Sunnyside mine occurs below
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11,900 ft (3627 m). Considering these facts, exploration at lower levels in the 
vein is suggested. The mined ore shoot, as well as the two proposed shoots, 
are silver-rich, and a gold-rich zone may lie below. Also, the Mountain Queen 
vein has not been intersected below 11,900 ft (3627 m), which is the top of the 
major gold mineralization at the Sunnyside mine.
The best targets for deeper exploration are the same types of targets 
mentioned previously. The two changes in strike along the vein are the most 
likely areas for deeper ore, especially since one area is already proven to be 
strongly mineralized, while the other shows indications of ore-grade 
mineralization. Another possibility for deeper exploration is the area east of the 
Mountain Queen shaft in California Gulch. In that area, cross-sections indicate 
that the vein consists of a lower and upper vein (Figure 19). At some depth, 
these two veins probably split from a single vein. The area where the vein split 
occurs would be an excellent candidate for deeper exploration.
Fluid Inclusions
Evidence of boiling in fluid inclusions has been proposed as an 
exploration tool (Kamilli and Ohmoto, 1977). In addition, boiling has been 
proposed as being responsible for vertical zonation in many epithermal 
systems (Buchanan, 1981). It was hoped that examination of fluid inclusions in 
the Mountain Queen vein would be a useful tool for future exploration. By 
determining boiling levels, based upon concentration of vapor-rich inclusions 
and direct evidence of boiling, it was hoped that guidelines for exploration could 
be developed.
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For the Mountain Queen vein, it does not appear that a boiling level 
determined by fluid inclusions is a viable exploration tool at present. A boiling 
level does exist in the Mountain Queen vein, but is associated with Stage III 
mineralization. Because boiling occurs after the main base-metal 
mineralization (and after gold mineralization, if it is present), no correlation 
between the boiling level and base- or precious-metal mineralization can be 
established. Although evidence of boiling from fluid inclusions is not presently 
useful as an exploration tool in the Mountain Queen vein, it should not be ruled 
out.
In deposits such as the Finlandia vein, Colqui district, Peru (Kamilli and 
Ohmoto, 1977), where boiling can be identified with a specific paragenetic 
stage associated with the major mineralization, a boiling level could be an 
important tool for exploration. If gold mineralization does exist at lower levels in 
the Mountain Queen vein, it may be possible to identify boiling during gold 
stage mineralization. Fluid inclusions could then be used to identify boiling 
levels, thus aiding in exploration.
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CONCLUSIONS
The following conclusions have been reached from this study:
1. Three distinct stages of mineralization have been identified in the 
Mountain Queen vein. These include an early quartz-pyrite stage, a base-metal 
sulfide stage, and a final quartz-rhodochrosite stage. The latter two stages can 
be further subdivided, based upon textural differences. The base-metal sulfide 
stage is divided into an early substage with isolated sphalerite and galena 
crystals, a middle substage with sphalerite-galena intergrowths, and a late 
substage of chalcopyrite replacement. The quartz-rhodochrosite stage is 
divided into an early substage with quartz-rhodochrosite intergrowths and a late 
substage with distinct, euhedral crystals of quartz and rhodochrosite.
2 . Microthermometric measurements on fluid inclusions indicate that 
peak homogenization temperatures and salinities for each stage of 
mineralization are distinct. Stage I Th average 270°C, with fluid salinities <1.5 
wt % NaCI equivalent. Early Stage II Th average 275°C, with fluid salinities 
ranging up to 5 wt % NaCI equivalent. Middle Stage II Th average 290°C, with 
salinities of 1.3 wt % NaCI equivalent. Early Stage III has a wide range of Th 
and salinities, assumed to be caused by fluid boiling at 250°C. Late Stage III 
Th average 220°C, with salinities of 0.4 wt % NaCI equivalent.
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3. Fluid inclusion morphologies in quartz suggest that each stage of 
mineralization cooled to below 200°C before the onset of the next stage of 
mineralization.
4. Although evidence for boiling has been proposed as an 
exploration tool, it is not useful at the present levels of exploration at the 
Mountain Queen vein because the boiling is associated with the late, 
uneconomic stage of mineralization.
5. A distinct stage of gold mineralization is absent in the explored 
levels of the Mountain Queen vein. A gold stage may exist at lower levels, 
based upon comparison with the nearby Sunnyside mine. Further exploration 
needs to be carried out to confirm or reject this idea.
6 . Vein-related alteration associated with the Mountain Queen vein is 
composed entirely of an assemblage of quartz, sericite, and pyrite, at least in 
the explored portions of the vein.
7. The California Mountain rhyolite predates mineralization in the 
Mountain Queen vein.
8 . Two potential silver-rich ore shoots are proposed. One lies near 
the change in strike of the vein in Ross Basin, while the other occurs in the 
lower vein, east of the shaft in California Gulch.
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